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FOREWORD

Most past research on the effectiveness of vocational educa-
tion has evaluated wages, earnings, and the employment advantages
of secondary vocational graduates. Although this work has
produced valuable results, it has largely ignored the contribution
of secondary vocational education to learning outcomes. This
rel-ort, which is sponsored by the Office of Vocational and Adult
Education, U.S. Department of Education, examines that
contribution. The report is targetcd to research scholars with
professional interests related to vocational education, effective
-.4
schooling, learning, and methodology. The theoretical base and
methodology presented here for investigating learning outcomes
also provide direction for guidance in secondary schools and for
interpreting past and future research on the role of vocational
education.

The National center is indebted to Dr. N. L. McCaslin,
Associate Director, Evaluation and Policy Studies Division; Dr.
Lawrence Hotchkiss, Senior Research Specialist, who directed this
project; and Jeanne Desy, Program Associate, who was responsible
for the substantive research.

Special appreciation is extended to the reviewers of earlier
drafts of this report whose perceptive suggestions were
invaluable--Peter V. Marsden, Department of Sociology, Harvard
University and Paul Allison, Department of Sociology, University
of Pennsylvania.

We also wish to thank Editorial Services for their review of
this report. Special thanks are extended to Jeannette L. Painter
who patiently worked with the often difficult statistical typing
and the many other details of manuscript preparation.
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EXECUTIVE SUMMARY

A wide array of claims have been made for vocational educa-
tion, with economic benefits most often stressed. More recently,
however, noneconomic and educational outcomes have been empha-
sized. Although critical theoretical and empirical issuer
regarding noneconomic outcomes of vocational education remain
unresolved, substantially more work has been conducted on economic
issues than on noneconomic issues. This document reports research
designed to help diminish this imbalance. Expected noneconomic
outcomes of vocational education are diffuse and difficult to
verify, and no single research project could resolve all the
outstanding unanswered questions. The work reported here has
attempted to take strategic first steps.

First, theoretical expectations regarding the mmeconomic
outcomes of vocational education are codified and documented. It
is found that vocational classrooms offer an environment that is
substantially different from that of academic classrooms.
Vocational classrooms engage students in "hands-on" applied
learning that, it is argued in the literature, helps students to
see the need for academic knowledge. However, some students
benefit more from exposure to vocational education than ethers
do.

Second, these basic ideas are formulated into a statistical
interaction model. The model expresses the idea that the
motivating power of vocational education complements academic
courses for some students and thereby stimulates learning of
academic material. Third, a review of empirical studies uncovers
',ery little empirical investigation of the basic hypothesis. One
of the critical reasons is that empirical assessment of interac-
tion effects poses difficulties not encountered in traditJonal
linear models. Fourth, tethodological analysis of interaction
effects are conducted. These analyses help to clarify meaningful
interpretation of interaction effects and examine, complexities
th?t accompany study of interactions in explicit models of change
over time. Literature on interpretation of interactions is
summarized and extended by proposing devices that aid in the
interpretations of interaction effects. Additionally, key
difficulties in estimating interaction effects in dynamic models
are identified and elementary solutions to those difficulties
proposed. Much work on this issue remains to be done, however.

The chapters in this report are self-contained. Chapter 1
provides an introduction to the study. Chapter 2 presents var.Lous
theoretical approaches to vocational education. It begins with a
discussion of the outcomes historically claimed for vocational
education, with emphasis on the noneconomic outcomes that have
been more recently stressed. The model of learning proposed by
Sorensen and Hallinan is presented next. This model suggests that
how much students learn in the vocational education classroom will
vary according to the individual's personal characteristics,



KrainiZtironyolbthii:Yinrarnfoiron I: felf;enti:lofom:ntrviaintigianding
of the value added by vocational education. Value-added theory is
discussed briefly, with reference to the mathematical issues
involved in any model of change and to the significance of the
value-added approach for vocational education. Finally, the
vocatioaal classroom is described, as it has been documented by
Goodlad (1982) and Weber and associates (1988). The discussion
shows that this educational opportunity emphasizes the technical
practice of psychomotor skills, rather than verbal practice, and
focuses on individual, competency-based learning. The vocational
classroom is thus less competitive than the academic classroon and
more structured and theoretically has special benefits for
students who learn slowly, who need well-organized information,
and who respond poorly to competitive reward structures.

Chapter 3 presents empirical findings on the effects of
vocational education. Basic skills are treated separately from
other noneconomic outcomes because of their special importance.
Vocational students generally have below-average basic skills;
there are not adequate entry data to determine the role secondary
programs p)ay in basic skills achievement. There is evidence that
learning experientially results in more meaningful learning and
retention (Ausubel 1980), increasing recall through both the
generation affect and the variability effect (Ellis 1980).
Scholarship on learning through application supports the conten-
tion that vocational education provides an important learning
experience.

Chapter 3 also surveys currnnt knowledge about other
noneconomic effects, finding that little research has been
performed and few effects are well documented. An overview of
studies of economic effects reveals that definitive findings will
depend on future studies of earnings profiles over time.

A further effect of vocational education is motivation. This
curriculum is often claimed to provide motivation that may be
instrumental in retention of dropout-prone students. This
capacity to motivate does seem to exist, particularly in the
intrinsic feedback of technical skills practice, which offers
specifid4nd proximal goals. The "relevance" students ascribe to
vocational education (Goodlad 1983) is also motivating. Overall,
there is little doubt that the vocational classroom offers unique
opportunities to achieve and to build self-efficacy and general
motivation for learning.

Chapter 4 summarizes the literature on interpretation and
estimation of statistical interaction models. This chaptel shows
how to interpret the substantive importahre of interaction by
comparing the mean level of effects of x and y to the variation in
those effects. Standardization formulae are proposed that, unlike
the usual standardized regression coefficients, apply generally to
nonadditive (or nonlinear) models and can be used to compare

viii
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effects between independent variables vith different measurement
units.

Chapter 5 shows that even the simplest statistical interac-
tion model (involving products) requires nonlinear estimation of
parameters in a dynamic model. Various strategies for obtaining
estimates are reviewed and practical methods of estimation are
proposed.

Chapter 6 draws on the concept of learning styles to help
integrate theory of vocational education into a broad intellectual
context. It is difficult to choose a learning style model, as
none are empirically based. Assessment instruments have been
extensively criticized; of those in wide use, the MBTI comes well
recommended. It may be best for vocational administrators and
teachers to devise their cwn assessment instruments, combining
these with interview and discussion with the student. A model is
proposed as a preliminary attempt to integrate the main ideas of
the earlier chapters. The model shows how to include basic
elements of learning style and vocational theory in ar expanded
interaction specification.



CHAPTER 1

INTRODUCTION

by Lawrence Hotchkiss
and Jeanne Desy

The philosophy of vocational education rests on the idea that
the vocational axriculum differs in significant positive ways
from the acadepic and general curricula. Not only does it provide
work-related skills and values, but, proponents claim, it
motivates students to learn, particularly such types of students
as those with a practical, concrete orientation. A concept such
as calculation of an area that a student Illy find difficult or
meaningless in a classroom may be of more obvious value in the
actual real-world task of painting a room.

The argument is that, both directly and indirectly, voca-
tional course work complements academic course work--each type of
education enhances the value of the other. Assessment of this
"comp/ementarity hypothesis" poses a number of conceptual and
methodological difficulties. This report presents substantive
background to the problem and analyzes conceptual and methodologi-
cal issues regarding the concept of statistical interaction that
are closely connected to the substantive theory.

A primary motivation for embarking on such a study was that
we do not currently have available principles that can be used to
help youth with different interests, learning styles, and apti-
tudes choose curricula that best suit their unique needs. It is
plausible, for example, that students with particular learning
styles would improve their knowledr-- of grammar and writing more
in business and commorcial courses than they would in English
courses that relied on sentence diagramming. However, we do not
know enough about the way these individual differences may
interact with the processes in the vocational_classroom to
systematically help youth make curricuLni-choices to their best
advantage.

Two broad questions are implied by the above considerations.
First, is there, in fact, a unique education41 process and content
characterizing vocational education that is particularly well
suited to the learning styles, attitudes, and aptitudes of some
students but not others? In other words, are our commonly held
assumptions true? Second, if they are, then how can we know what
mix of academic and vocational courses will most profit a particu-
lar student? Refining our ability to guide students into suitable
curricula is particularly important in view of accusations that
students may be "tracked" into vocational education with reference
to extraneous background factors (Oakes 1986).

1
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The specific research questions raised by these broad issues
are far too extensive to be resolved in a single research report.
The present report presents important steps toward systematizing
the critical issues in ways that promote their analysis. First,

this rep.)rt presents a comprehensive review of theoretical view-
points that describe what the role of vocational education in
learning is expected tc be. This review is intended to clarify
the theory and ground it in a brohd base of research literature.
Second, this report assesses empirical findings on the effects of

vocational education. Third, the report provides an exposition of
interpretation of interaction models designed to express key

aspects of vocational education theory. Fourth, the report evalu-
ates methods fcr estimating dynamic interaction models. Since

learning is dynamic and vertainly must involve,interactions be-
tween learner characteristics and mode of presenting material,
this work is particularly critical to adequate empirical assess-
ment of the role of vocational education in learning.

The chapters in this report represent separate areas of
expertise and are written as stand-alone papers; their authorship

is indicated. The substantive chapters examine the various claims
made for vocational education and describe an interactive theory
of learning as a basis for the methodological study. The signifi-

cance of value-added theory for vocational education is consid-
ered. Classroom observation studies are used to define the
distinctive educational process of the vocational education class-
room as it differs from that of the academic classroom.

Chapter 4 presents a careful revie:: and assessment of appro-
priate methods for specifying and interpreting interaction effects

in structural models. Lucid interpretations of interaction ef-
fects have often been missing in past work, and this chapter
attempts to clarify approaches for promoting clear inturpretation
and examination of interactions. Chapter 5 analyses the impacts
of dynamic cycling of cause and effect on interaction specifica-

tions. The analysis shows that interaction specification in a
dynamic structural model introduces complexitifts that do not oc,-ur

for dynamic linear models. Practical methods for handling these
complexities are proposed. The final charter summarizes and
integrates the earlier chapters. Student characteristics are
considered in examining the qtlestion, What students especially
benefit f7om the vocational education experience?

2
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CHAPTER 2

THE EFFECTS OF VOCATIONAL EDUCATION: THEORY

by Jeanne Desy

Claims for Vocational Education

Swanson (1982) remarks that it is surorising "that the search
for a definition oI vocational education is still underway, and
that there is such diversity of perceptions about ',that it is or
should be" (p. 36). McKinney and Fornash (1984), in their discus-
sion of the outcomes cs.0 vocational education, comment similarly
that "historically, there has been little agreement among voca-
tional educators as to what outcomes should be expected. Voca-
tional education has never had a sing.ke spokesperson or a
prevalent view regarding outcomes" (p. 57). They add that voca-
tional education operates in a complex, changing context and must
attempt to meet a variety of expectations, with which Swanson
agrees, asserting that "vocational oducation is not a system" (p.
40) but a collection of varying enterprises.

Nevertheless, much informal theorizing regarding the role and
functior of vocational education has taken place, and vocational
programs continue to operate on a theory, if imperfectly articula
ted, of what vocational education can arA should do. Grubb (1979)
maintains that through cycles of criticism and change certain
claims have always been made on behalf of vocational education,
and that these form its core. The problems it promises to solve,
he says, are economic, educational, and social. Grubb emphasizes
social and economic outcomes in his discussion, outcomes that have
historically been emphasized. For example, the 1914 report of the
Commission on National Aid to Vocational Education, on which the
Smith-Hughes Act of 1917 was based, described vocational edUcation
as "a wise business investment for this Jation" (Lazersomand
Grubb 1974, p. 117) that would solve numerous social and economic
problems by meating a supply of trained workers, In the same
era, Charles Prosser talked of "fitting the great mass of our
people for useful employment" (Lazerson and Grubb 1974, p. 135).

This emphasis on labor market outcomes continues today (see
Miller and Budke, n.d.; American Vocatiorlal Association 1981).
Oakes (1986) classifies claims for vocational education as
noneducational and educational and says that tr_le latter set of
claims "receives much less consideration in either practice or
research" (p. 34). Evans (1984) says that virtually all research
and evaluation has centered on individual, labor market-related
outcomes.

In 1984, Pratzner and Russell published the results of a
small Delphi survey of national opinion leaders that addressed the

1 2



appropriate role of vocational education. The consensus was that

secondary-level vocational education is a multi-purpose
program intended to provide technical skills, and at the
same time, foster good work attitudes, facilitate the
transfer of skills needed in all jobs, motivate
disenchanted learners, enhance basic skills attainment,
serve as an exploration into the careers arena, and
compensate for discrimination in society against
special needs populations. (p. 28)

This recent statement indicates the wide variety of needs voca-
tional education is expected to fulfill. Similarly, the AVA's
1981 A National Agenda for Vocational Education discusses an
impressive array of "appropriate national concerns" addressed by
vocational education. These include, but are not limited to,
economic revitalization, energy conservation, and maintenanbe of
defense capability. A National Agenda, however, also mentions
human development benefits specific to the vocational classroom--a
reality-based standard of performance, pride in work, purpose, and
development of a range of talents and interests.

Farley (1979) developed 252 questions represent4ly hypotheti-
cal outcomes of vocational education mentioned in tAx- literature.
She divides these outcomes in terms of their effee.s on the indi-
vidual, society, and special needs populations, anC then into
economic and noneconomic effects. The 23 noneconomic outcomes
hypothesized for secondary students include only 3 related direct-
ly to learning:

o Skills of inquiry, that is, systematic information-
seeking

o Scores on verbal and achievement tests (the phrasing
suvests these may be lower than the scores of peers in
other curricula)

o The ability to communicate in a variety of modes

From Farley's list, Darcy (198ol selected 15 outcomes of
vocational education judged to be important, appropriate, amenable
to empirical study, and useful for policy. Only one of these is
related directly to educational outcomes, improving basic skills.

McKinney and Fornash (1983) asked experts in 6 fields to
write papers discussing 18 outcomes of vocational education selec-
ted from Farley's list by project staff and 9 other vocational
educators for their historic, individual, social, and economic
importance. The only learning-related outcomes on the list were
motivation for educational and occupational achievement and in-
creased awareness of need for basic academic skills.

4
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Campbell and Panzano (1985'1 divide educational outcomes into
individual and societal outcomes. (Interestingly, this explora-
tion of quality in vocational education lists more of the former
than the latter, a distinctly modern emphasis.) The list of
competency development (as opposed to personal) outcomes includes
several work-related skills as well as basic skills, information
skills, and problem-solving skills.

In a discussion of the noneconomic benefits of vocational
education, Silberman anso) sets up an "intrinsic perspective"
that sees vocation& etiucation as a means to education in the
broad sense of full auman development. This paper makes explicit
a number of claims for the process of vocational education that
have been the subject of little rigorous investigation, but are
often assumed to be true. Vocational education, Silberman says,
offers "activities that are intrinsically meaningful and
absorbing. . .[and emphasize] the playful aspects of work" (p.
43). He considers vocational education's opportunities for human
development and personal satisfaction to be significant, and
applauds the quality of the learning environment; the tangible
product and the pleasure of the process offer iLtrinsic motiva-
tion. Vocational education, Silberman claims, enables personal
growth through a sense of competence, opportunities for creative
expression, discipline and the integrity of good work, teamwork,
and altruism.

The Unfinished Agenda (National Commission on Secondary
Vocati)nal Education 1984) similarly assumes that the vocational
classroom meets different student learning needs than the academic
classroom. This document refers to "vocational education's poten-
tial to respond to diverse learning styles." The discussion
assumes that the vocational classroom process includes--

o immediate feedback;

o applied learning;

o cooperative, small-group activities;

o individualized learning;

o mastery learning;

o activities the student considers relevant;

o real-world experiences (especially through cooperative
education);

o tactile and kinesthetic learning;

5
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o opportunities to be creative; and

o productive tasks.

In these activities, the report claims, lie the real strength of
vocational education--"its ability to motivate students" (p. 5).

Figure 1 lists some of the educational claims made for voca-
tional education. These have been grouped in categories suggested
by Gagne (1977). This grouping highlights the prevalence of
claims made that certain desirable attitudes are more likely to be
learned in the vocational than in the academic classroom. These
attitudes, and other capabilities learned, are said to be fostered
by the educational opportunities unique to the vocational class-
room. As a glance at this lists suggests, these opportunities
derive from technical skills practice, the distinguishing feature
of the vocational classroom.

Figure 1

For the most part, the claims just discussed are not substan-
tiated in the works cited, but presented ar, theory. A later
section of this review conAders the evidence for these claims.

Theory of Learning

For the most part, learning results from the interaction of
the individual with the environment (Gagne 1977; Bower and Hilgard
1981. The nature of this process and the conditions that best
foster learning are explained by numerous models (such as
reinforcement, insight, and information processing) with which
educators are generally familiar. For the purpose of this study,
one model is especially interesting--that described by Sorensen
and Hallinan (1986). Their model, in its simplest form, is as
follows:

dy(t) = s dv(t)

where

dy(t) = increase in student achievement in a small period of
time (dt)

= a measure of relevant student characteristics

dv(t) = new material taught in dt.

By definition, s determines how much is learned. of what is
taught.

6
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Capabilities Produced

IntellecimaX skills

Vertalizable
iaformation

COgnitiva strategies

Mator skills

Attitudes
Teamwork, cooperativeness

General motivation to
learn

Sensa ct personal competenco

Discipline

gducational Qpportunities Provided

individualized learning

Mastery learning

Tactile and kinesthetic learning

Peal-world performance

Productive activities

Intrinsically meaningful
(relevant) activities

Creative expression

Immediate feedbaak

'Darcy 1980, McKinney and Fornash
1983, Pratzner and Russell 1984,
Campbell and Pazano 1985

Campbell and Pazano 1985

'Campbell and Pazano 1985

UnfinisluktAggmda

Silberman 1980
Unfinished Agenda

Pratzner and Russell 1984
Mainney and Fornagh 1983

Silberman 1980

Silberman 1980

gafinished Agenda

Unfinished Agerxia

Unfinished Pgenda

AVA 1981,
Unfinished Agenda

Silberman 1980
UnfinisluxlAgenda

Silberman 1980

Unfinish(xlAgenda

Figure 1. Educational claims nade for vocational education (exaludirq work-
related outcomes).
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Variaticm in.academic achievement among students
will . . . depend on variation in the ability and
effort of those students, and on variation in the amount
taught that represents opportunities for learning. (p.

524)

Sorensen and Hallinancs model deals with a specified period
of time (such as a class period) during which a learning opportu-
nity is available. That opportunity varies, of course, between
schools, curricula, teachers, and even instructional groups within
a classroom.

The Sorensen-Hallinan model is connected to theory of the
benefits of vocational education at a strategic point. AE., noted

above, a priluary claim of vocational theory is that the "hands-on"
approach in vocational classrooms motivates students to learn.
Motivated students should exert more effort and be more attentive
to subject content. 2hus, the value of s should be raised for
particular students .1.n vocational classrooms who are receptive to
the hhands-on" approach. The Sorensen-Hallinan model is important
in the present report for a second reason; it expresses an explic-
it dynamic model of learning that provides a good foundation for
more elaborate theorizing.

Research on aptitude-treatment interaction has encompassed a
wide variety of instructional treatments. For instance, learning
opportunities may be inductive (discovery) or didactic, and numer-
ous studies have examined the interaction of these treatments with
ability as measured by IQ. The educational opportunity is also
characterized by classroom dynamics, which can be seen as demo-
cratic or dominative in varying degrees. Teacher characteristics,
another significant element of the learning opportunity, include
divergent (versus conventional) thinking and other elements of
cognitive style, such as conceptual level and field-independence.

To each learning opportunity, the individual student brings a
certain ability and effort. The variable s is described as
standing for "all characteristics of students and their situation
relevant for how much they learn of what is taught" (p. 523).
Obviously, students bring to the learning situation numerous
relevant personal characteristics, including physical limitations,
prior knowledye, cognitive skills, and a number of capabilities
and modes of processing often discussed under the rubr::.c of
learning style.

Identifying, formulating, and measuring even the most impor-
tant of these characteristics for use in a model of this sort is a
tremendous task. Cronbach and Snow (1977) comment that "arguments
about the complexity of the ability domain never end" p. 152).
The literature on personality variables that affect academic
achievement is equally voluminous. Much of it, according to

8
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Cronbach and Snow, has focused on anxiety, "a syndrome of self-
deprecation, expect:,ng to fail" (p. 393), which has a significant
effect on the student's reaction to demanding tasks. Among the
other variables that appear to affect a student's response to an
educational opportunity are sociability, adjustment/neuroticism,
preference for certain instructional methods, and compatibility
with instructor's basic beliefs. Demographic variables--age,
gender, socioeconomic status--are also important, but, Cronbach
and Snow suggest, they are most useful when translated into
findings about the individual's psychological qualities.

The effort a student brings to the learning situation is an
expression of motivation. Some of the student's motivation will
be supplied by interaction with the learning opportunity; as
Ausubel (1968) says, motivation is inherent in the learning situa-
tion that produces educational achievement. (Other aspects of
motivation are briefly discr.ssed in chapter 3.)

The foregoing describea some elements of two extremely com-
plex variables--educational opportunity and student characteri-
stics. A major task in working with interaction formulae is the
selection of measures to represent these variables. Fundamental
considerations in this choice will be discussed in the remainder
of this chapter.

The Value Added by Vocational Education

During the past decade a new tactic has been proposed and
explicated for evaluating ongoing educational practices--the
"value-added" approach (Bryk, Strenio, and Weisberg 1980; Osegwih
1985, 1986; Evans and Hunter 1979). Ewell (1987) reports that
assessment is increasingly emphasized and notes that the Fund for
the Improvement of Postsecondary Education recently funded 11
projects on this subject. The concept of "value-added" assess-
ment, Ewell adds, is supported by some 65 percent of college
administrators.

The value-added terminology carries with it intriguing conno-
tations, but the associated methodology is somewhat narrowly
defined. As explicated by Bryk and associates (1980), the concept
relies on a simple model of growth in the absence of educational
intervention. Value added is defined as "the degree to which
those exposed to the educational 'treatment' grow more rapidly
than they otherwise would have." This comparison is substituted
for comparison to a control group. Individual growth in the
absence of the treatment is estimated by extrapolating the trend
line derived from the growth model.

Adding to the general difficulty with extrapolating a trend
line, the basic model proposed by Bryk and colleugues is based on
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a linear trend line. Although a straight line may fit an observed
curve over a restricted range quite well, it usually diverges
rapidly from the curve when both lines are extended beyond the
time points used to fit the data. Bryk and associates recognize
these points and offer suggestions for resolving them, but their
papers are best viewed as sources of ideas rather than as
providing a rigorous framework for assessing value added by
education.

Mathematical models of change based on differential equations
offer a much more general framework for assessing value added than
the models proposed in the value-added literature. The linear
growth model proposed by Bryk can be expressed as a special,
particularly simple differential equation. Moreover, more useful
expressions of cnange are well understood in the mathematics
literature.

Some form of value-added assessment is no doubt useful to
vocational education. As has been noted elsewhere in this chap-
ter, meaningful assessment of vocational students' achievements is
impossible without pretest data. Evans and Hunter (1979) have
cautioned that

the precise measurement of value added by education .
. needs to be tackled by the educational economist, the
educational psychologist, the educational philosopher,
and the educational sociologist. All four groups nee.:
to be involved, because we should be concerned not only
with the value added in terms of dollars, but also in
terms of personal worth and worth to society. (p. 68)

Osigweh (1985) similarly refers to the assessment of students'
"mental as well as personal development" (p. 131).

Although the issues of value-added assessment are complex,
the concept has immediate utility for educators. It encourages
teachers to think not in terms ot a predetermined objective for a
student, but in terms of adding to the yllue of that individual
student's education. Such a reorientation would focus more
attention on the claims made for vocational education. It would
also enable assessment of individual outcomes without one-on-one
comparison to outcomes for students in other curricula.

The Vocational Classroom

The classroom was examined in A Study of Schooling, on which
numerous articles have been based and which is described in
Goodlad's A Place Called School (Goodlad 1983). Goodlad and his
associates collected contextual data on 'over 1,000 ,aementary and
secondary classrooms during the 1976-1978 school years. The

10

19



overall data for secoldary schools (wnich does include a
proportional number of vocational classrooms) draws a famIliar
portrait of the high school clAssroom. Nr.drly 70 percc.nt of total
class time involves talk, and fteachers lout-talk' students by a
ratio of nearly three to one" (Sirotnik 1983). Most students are
involved in passive learning, usually as a total class. Fewer
than 5 percent work individually, fewer than 10 percent in small
groups.

In a striking passage, Goodlad describes the general passivi-
ty of the classroom.

Three categories of student activity marked by passivi-
ty--written work, listening, and preparing for assign-
ments--dominate. . . . The chances are better than 50-50
that if you were to walk into any of the classrooms in
our sample, you would see one of these three activities
under way. . . . We saw a contrastingly low incidence of
activities invoking active modes of learning. Except in
the arts and vocational education, students were not
very often called upon to build, draw, perform, role
play, or make things. (Goodlad 1983, p. 105)

Table 1 uses the data summarized in Sirotnik's (1981)
technical report to compare academic and vocational classrooms.
The cclumn headed "academic" includes English, math, social
studies, science, and foreign language classrooms. The second and
third columns contain the means for English and math classrooms.

Two major differences between academic and vocational class-
rooms are immediately noticeable. First, the vocatiunal classroom
is less auditory; there is substantially less learning through
listening to words, represented in the second category. In fact,
the vocational classroom is less verbal altogether, giving less
time given to discussion, reading, and even test-taking than does
the academic classroom. Second, in the vocational classroom
considerably more time is devoted to practice of psychomotor
skills. These findings s'ipport one of the key claims of vocation-
al educators cited earlier in this paper--that vocational class-
rooms offer a distinctive style and context. This emphasis on
practice probably is the single most important feature of the
vocational classroom, with implications of motivation and with
special appeal of students with particular learning styles.

In math courses, a higher than average amount of time is
given to lecture, and 27.2 percent of class time is spent on
written assignments. English c9urses are also highly verbal; 6.1



TABLE 1
SECONDARY VOCATIONALAND ACADEMIC

CLASSROOM ACTIVITIES

Activiti Academic English Math Vocation

Setup, cleanup,
instructions

12.3 13.8 11.5 12.9

Explain, lecture,
read aloud

30.6 2732 35.3 19.0

Demonstration 1.4 0.7 3.0 2.1

Discussion 6.6 9.7 2.2 3.5

Simulation/role playing .1 0.3 0.0 0.0

Reading 2.4 61 0.4 .8

Work on written
assign;lents

17.8 18.4 27.2 17.7

Practice, performance
psychomotor

4.1 1.8 3.3 29.6

Practice, performance
verbal

6.3 1.3 0.8 2.2

Taking test or quiz 8.0 9.1 8.5 3.9

Audio visual 2.7 4.1 0.0 1.9

Off task 7.3 7.2 7.6 5.8

Discipline .1 0.0 0.0 0.2

SOURCE: Adapted from Si-otnik (1981).
NOTE: Columns may not total 1001 due to rounding.
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percent of the tire is spent on reading and 9.7 percent on discus-
sion. As a later section will review, these modes of learning are
especially difficult for some students who may have difficulty
acquiring basic skills unless they can learn them another way.

says,
In summarizing the data for all classroors, Sirotnik (1983)

the modal classroom patterns consist of (1) the teacher
explaining or lecturing to the total class or to a
single student, asking direct, .actual questions, or
monitoring students; and (2) the students ostensibly
listening to the teacher or responding to teacher-
initiated interaction. (p. 21)

The data show that the vocational classroom offers an alternative
to this pattern.

Technical Skills Practice

Practice is the "applied learning" of which The Unfinished
Agenda speaks. It is also the distinguishing feature of the
vocational classroom, lending it numerous characteristics of
importance to learning, and affecting instructional style.
Sirotnik's datd (see table 1) show that psychomotor practice
occupies only 4.1 percent of the time in academic classrooms and
29.6 percent of the time in vocational classrooms. Only about 2.6
percent of basid-skills (English and ',lath) instructional time
involves psychomotor practice.

Table 2 displays these findings in terms of percentage of
engaged learning time--that time not spent in setup and cleanup,
discipline, and miscellaneous off-task activities. Viewed this
way, the difference is even more striking: academic classes
overall spent 5.1 percent of their engaged learning time on
psychomotor practice, compared to 36.5 percent for vocational
classes, and spend more time on verbal practice.
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TABLE 2

SECONDARY VOCATIONAL AND ACADEMIC CLASSES
PERCENTAGE OF ENGAGED LEARNING TIME
DEVOTED TO PRACTXCE OR PERFORMANCE

Practice Practice
Performance- Performance-
Verbal Psychomotor

Academic 7.9 5.1
Vocational 2.8 36.5

SOURCE: Adapted from Sirotnik 1981.

Weber et al. (1988) recently completed a 2-year study of the
processes that take place in secondary vocational classrooms.
Data were collected in 120 schools and approximately 900
classrooms through questionnaires, interviews, and direct observa-
tion. This study showed an even higher relative proportion of
vocational class time spent in the practice of technical skills--
57 percent, with 29 percent spent on theory-related situations.

How much does time spent on practice vary frcr on vncational
service area to another? Vocational classrooms were observed by
Halasz, Rehm, and Fisch (1984). Table 3 presents their findings
in regard to technical skills practice. In all three areas exam-
ined, about half of all learning time was devoted to practice.

TABLE 3

SECONDARY VOCATIONAL SERVICE AREAS
PERCENTAGE OF TIME ON TASK

SPENT ON THEORY AND PRACTICE

Service Area Theory Practice
Agriculture (2 classes 30.66 55.49
Business and Office (3 classes) 23.99 51.59
Trade and Industrial (4 classes) 33.08 50.65

average for all 29.24 52.58

SOURCE: Adapted from Halasz, Behm, and Fisch (1984).
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Classroom organization is also important to learning. For
the great majority of all classroom time--75 percent--secondary
students work as a total class. Students overall work individual-
ly less than 5 percent of the time and in small groups less than
10 percent of the time (Sirotnik 1983).

The vocational classroom shows a markedly different pattern.
Tha secondary vocational students observed by Halasz, Behm and
Fisch (1984) spent 80 percent of their time in class working
individually or in small groups. Weber et al. (1988) found that
vocational students worked in small groups 24 percent of the time,
compared to 11 percent for nonvocational students. Further,
vocational students forked on activities that provide a high
degree of autonomy 56 percent of class time; ,'Nnvocational stu-
dents did so only 11 percent of the time. Gi aping has direct
implications for instructional method. Because vocational stu-
drIt spend so much time working individually, one-on-one instruc-
tion is far more common than lecture. Halasz, Behm, and Fisch
(1984) found that secondary vocational teachers spent about :4
percertt of their time providing one-on-one instruction and less
than 3 percent lecturing.

Commetenc -Based Vocational Education

Between 60 and 80 percent of all secondary vocational class-
rooms use competency-based vocati'onal education--a highly systema-
tic approach to mastery lcArning (Weber et al. 1988). Mastery
learning assumes that most student%; can learn

if instruction is approached sensitively and systemati-
cally, if students are helped when and where they have
learning difficulties, if they are given f...Alfficient time
to achieve mastery, and if there is some clear criterion
of what constitutes mastery. (Bloom 197Ci p. 4)

CBVE accommodates individual differences in learning style
far more readily than does a group instructional format. In
particular, as Knaak (1983) notes, CE7E allows students to learn
at their own rates: Some students need much more time than others
to learn, a difference observed by Bloom (1976), who found that
some individuals took five times as long as others to master a
task. In fact, adequate time to learn may be more important than
intelligence as measured by standard tests (Shuell 1986). Time to
access information may also be a significant factor in achieve-
ment. Hunt, Frost and Lunneborg (1973) tested the amount of time
subjects required to access overlearned information; postsecondary
students who scored in the lower quartile on a standard verbal
intelligence test took about 40 percent longer to do so than
students in the upper quartile. The vocational classroom that
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uses CBVE offers students the opportunity to learn and to access
and apply what they know at their owr rates.

Flexible rate of learning is not the only important feature
of CBVE. Competency-based instruction provides a logical, system-
atic structure for learning that makes learning easier for stu-
dents with certain cognitive characteristics. Snow (1977) found
the performance of low-ability students greatly improved in a
relatively structured learning environment. A leading learning
style theorist, Gregorc (1982), describes the learning style that
emphasizes sequential, as opposed to random, ordering. A
preference for sequence, he says,

disposes your 'mind to grasp and organize information in
a linear, step-by-step, methodical, predetermined order.
Information is assembled by gathering and linking ele-
ments of data . . . in a c:iain-like fashion. (p. 5)

CBVE is characterized by the use of fixed performance crite-
ria, and an independent reward structure is built into any such
teaching s/stem (Slavin 1977). The student succeeds not through
others' success (the cooperative structure) and not through
besting others (the competitive structure) but through meeting
defined criteria.

The vocational classroom that uses CBVE is not necessarily
free of competitiveness. Competition is encouraged in any class-
r'om in which teachers grade on the curve, which means that one
student's success is linked to another student's failure (Michaels
1977). One outcome of competitiveness is that students may not
only withhold help from their peers but may evcin hinder one
another (Slavin 1980). It is understandable, then, that peer
sanctions oppose high performance in competitive reward struc-
tures. This peer opposition to success is very important in
schools (Coleman 1961). Its special importance in delinauent
groups (Graubard 1969) may mean that students with delinauent
behavior stand to benefit particularlyZrom competency-based
vocational education in a noncompetitive classroom.

Competitiveness increases individual performance under some
circumstances, but when competitors are poorly matched there is
very little motivation to achieve (Slavin 1980). It is not diffi-
cult to imagine this iynamic in the traditional academic class-
room. Suppose students in a high school civics class are discus-
sing a current event. Low-verbal students who need time to access
what they know and time to reflect may perceive themselves at such
a disadvantage that they make no effort to join in. Other person-
al characteristics, such as low self-esteem, may exaggerate a
student's inability to perform in competitive situations of this
kind. CBVE, however, allows the student to perform without this
competitive disadvantage.
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Competency-based learning, then, has features of special
importance for students who learn slowly, those who learn best
when information is strictly organized and those whose learning
is negatively influenced by competitive reward structures.

17
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CHAPTER 3

THE EFFECTS OF VOCATIONAL EDUCATION: EMPIRICAL FINDINGS

by Jeanne Desy

Basic Skills in the Vocational Curriculum

Too little information is available on the basic skills
achievements of vocational students. Corman found in her 1980
review of research that there were no data comparing vocational
students' basic skills at entry and completion, and that almost
nothing was known about the differential competencies of students
in d_fferent programs.

Overall, the basic skills levels of vocational students are
"generally below the average of the entire student population"
(Greenan 1983). These students score about one standard deviation
below academic students (ibid) and one-half .tandard deviation
below all secondary students (WePer and Silvani-Lacey 1983) on
basic skills measures. b

Can basic skills be taught effectively in vocational pro-
grams? Weber and Silvani-Lacey examined empirical data on 11
programs for p)tential and actual dropouts. They found that when
these students participated in vocationally oriented programs with
explicit basic skill components, their basic skill levels in-
creased an average of half a standard deviation. They stressed
that these successful programs used "an integrated vocational-
academic approach to curricular content and structure" (p. 11).

In recent years, the need to integrate basics into the voca-
tional curriculum has been much discussed. Classroom observation
has revealed a dismaying lack of emphasis on basic skills.
Halasz, Behm and Fisch (1984) found that the secondary vocational
students they observed spent only .7 percent of their classroom
time on basic skills.

There are practical and immediate reasons for emphasizing
basic skills in the vocational classroom. Bishop (1986) points
out that basic skills improve productivity in many jobs, including
jobs for which high school vocational education prepares students.
Greenan (1983) focused on the student's need for core generaliz-
able skills required simply to succcd in the secondary vocational
program.

Greenan, among others, has urged that basic skills "be relat-
ed directly to vocational education programs and services and the
expected outcomes" (p. 47). Pratzner (1984) also argues for
broadly applicable skills but believes "the focus should be in
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strengthening vocational education's contributions to general
education" (p. 5).

This last comment probably reflects the prevailing attitude
toward basic skills in the vocational classroom. In discussing
future trends, Lewis (1986) notes that pressure from the education
reform movement has been pushing vocational education "away from
specific occupational training and toward general educational
goals" (p. 2). Feldman (1986) also sees the basic skills issue in
a broad context:

As education has become more universal, as we have
sought to make education more accessible to more people,
the need to integrate vocational and liberal education
has become more urgent. (p. 53-54)

Learning through Application

In her extensive review of research, Corman (1980) found that
"evidence to support or refute the claim that basic skill
instruction in a vocational context improves basic skills of
vocational students is extremely limited" (p. 22). Yet, there is
a widespread belief that, as Bishop (1986) states,

vocational courses sometimes contribute more to the
development of basic skills than watered-down courses in
academic subjects. (p. 99)

Ludeman (1976) assessed the mathematics perftwmance of 16,000
students in Minnesota and concluded that vocational educazion
students perform somewhat below average in working with more
advanced and thr:)retical concept and better than average in
practical applications of math. In the absence of data on entry-
level skills, this is only an indication that the actual use of
basic skills may facilitate certain kinds of learning, but that
concept is in line with common sense thinking about learning
through doing.

Experiential learning has also provided some indication of
the value of learning through application. In a passage worth
quoting, Hedin (1983) claims that learning through doing has
serious educational value.

Schools, especially seconi-lxy schools, give priority to
teaching and learning through symbolic, abstract, assim-
ilative systems. How successfully they do so is open to
question. But even if some success is granted, the
schools clearly have fallen short in helping students
develop their active experiential modes of learning.
They may ha.ie learned to read a book and to comprehend a
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lecture and may have accumulated a storehouse of dispa-
rate facts, but how practiced are they in applying this
knowledge, how capable of reading and comprehending
their own experiences--the skills and processes they
will be called on to use most often in their adult
lives? Thus, to urge more active participation is not
just to make a plea for more satisfying educational
experiences, or even more broadly educated adults. It
is to take a stana on the fundamental skills which
students must have for thinking about and dealing with
their world. (p. 12)

Hedin reviews a number of studies of the impact of experience
on academic learning, dealing with programs that are not in the
vocational education curriculum, but that offer learning-through-
work experiences outside of the classroom. Such programs usually
give students the opportunity to apply what they know, and in this
important respect are similar to vocational education. Hedin
concludes that experiential learning can--

o increase motivation,

o involve students in gathering original data and in reality
testing,

o give students experience in transferring knowledge to new
situations,

o engage students in critical thinking and problem solving,
and

o provide useful feedback.

She points out that "the most well documented and strongest aca-
demic benefits of experiential learning come from a form of it
that is most 'school like' in orientation" (p. 20), a comment that
has important implications for vocational education.

Research on learning-in-work also suggests that application
is a meaningful element in certain kinds of learning. Crowe and
Harvey (1980) studied the retention of mathematical concepts in a
traditional school program and a learning-in-wort. program. They
found that although basic skills could be learn2d equally well in
either environment, the pattern of learning-forgetting differed,
in particular for math concepts. In discussing these results,
Miguel and Crowe (1983) suggest that the two environments have a
complementary effe:t and learners may benefit from the alternation
of these opportunities.

Ausubel (1980) states that "learning-in-work envir=ments are
more likely to result in meaningful learning and retentionr (p.
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E-20). Noting that application is a necessary part of vocational

training, he points out that it must ze accompanied by expository

teaching methods and carried out with genuine understanding.

Still, he says, "knowledge acquired in 'real-lifel learning

environments has greater proximate, immediate, perceptible, and

personalized relevance" (p. E-21).

Ellis (1980) examines the ways learning through experience

influences retention. Citing research in this area, he claims

that recall is substantially enhanced if we genev-ate an answer

(the generation effect). Task variety also increases performance

and recall (the variability effect).

The teaching-learning process is clearly different in the

vocational classroom,
involving much more skills practice and

application of knowledge than the academic classroom. It seems

reasonable to generalize that this difference-can and does assist

the educational process in ways that have not always been systema-

tically studied but are, nevertheless, real.

Other Noneconomic Effects

To date there has been little empirical research with the

primary objective of assessing nonewnomic outcomes of vocational

education. The idea that the benefits of schooling of any kind--

academic or -ocational--must be assessed against economic criteria

is deeply embedded in American culture (see Spring 1976). Yet,

confining attention to direct economic benefits measured by wage

and hours differentials is unduly restrictive. Haveman and Wolfe

(1984), for example, catalogue 21 potential noneconomic benefits

of schooling. These include quality of child care, marital choice

and stability, crime reduction, social cohesion, charitable

giving, and capacity to learn.

Grasso and Shea (1979a) focus on economic outcomes of voca-

tional education, but they also examine outcomes such as post-high

school training and education and various psychological attitudes,

including belief in adequacy of schooling, perceived economic well

being, and perceived chance of reaching occupational goals. They

found that a vocational program of study in high school depressed

the amount of schooling completed after leaving high school, even

after controlling for educational aspirations expressed while in

high school. This finding held for the total sample of males and

fmales when the contrast was to college preparatory students.

ALso, males in vocational programs reported less college than

those in the general program, although femalas did not.

Using self-reported
curriculum, Grasso and Shea (1979a) also

found that vocational students are less likely to be dissatisfied

with their level of educational achievement than general students
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(except black males). Male vocational students expressed greater
satisfaction with the progress of their careers than did general
students. Differences between vocational and general students in
educational expectations measured after high school, satisfaction
with their high school education measured after leaving high
school, and perceived likelihood of realizing occupational goals
were negligible.

Two studies froL. the National Center for Research in Voca-
tional Education examine the effects of vocational curriculum on
selected noneconomic outcomes. Campbell and Basinger (1985)
report small and generally insignificant regression coefficients
associated with vocational concentrator, limited concentrator, and
concentrator-explorer where attendance at any postsecondary insti-
tution was the dependent variable. Their estimates rely on NLS
Youth data and Probit analysis. Academic curr.l.culum, they found,
positively affects postsecondary attendance for all but minority
males.

Hotchkiss and Dorsten (1986) reports small negative effects
of vocational education on test scores in the HS&B sample. He
also reports negative effects on level of educational and
occupational expectation, and on college attendance. The negative
effects on college attendance and years of schooling completed are
replicated by Hotchkiss in the NLS sample.

One of the strongest claims for vocational education has been
that it helps to prevent school dropout (Mertens, Seitz, and Cox
1982)--a pivotal hypothesis. A massive literature has arisen in
connection with the dropout problem; yet in spite of the pervasive
view among vocational educators that vocational education helps to
prevent dropping out, few studies not specifically designed to
assess vocational education outcomes include any mention of voca-
tional education. For example, of nine papers in the spring 1986
Teacher's College Record, a special issue devoted to dropout, only
one pays any attention to vocational education (Hamilton 1986).
Hamilton's paper is interesting in view of the paucity of research
attention outside of vocational education paid to the influence of
vocational studies on dropping out. Hamilton reviews a number of
programs designed to prevent dropping out. In spite of the
inconclusive nature of research on the topic, Hamilton concludes
that vocational education is an important component of most of the
successful dropout prevention programs.

Economic Effects

Early research on the economic benefits of
tion concluded that the benefits were generally
Shea 1979; Woods and Haney 1981; Meyer and Wise
Most of the elrly research was based on student
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vocational track and omitted any consideration of whether
the job a youth obtained following high school was training relat-
ed. More recent studies have used a conceptually sophisticated
schema based on high school transcripts to define vocational study
in high school, Campbell and coauthors (1985a; 1986) find strong
effects of vocational training on labor market outcomes after
leaving high school, provided that training related employment is
secured.

There are serious limitations to past work. First, none of
the studies assess economic benefits for more than a few years
following high school; empirical studies demonstrate the impor-
tance of observing earnings profiles ever time (Meyer 1981; Haller
and Spenner 1977). The conclusion to be garnered from both theory
and observation is that adequate assessment of the impacts of
education and training on economic outcomes requires lengthy time
series on the economic outcomes.

Furthermore, high school education is a complex system. To
date no study has adequately integrated tests of various aspects
of vocational education. The Campbell studies (Campbell et al.
1985a; 1986), the most adequate evaluation of labor market
outcomes of vocational education, do not investigate effects of
vocational specialty.

Adequate assessment of the impact of vocational education
requirer not only detailed data, but also careful formulation of
concept:. and theory. An important aspect of continuing research
on the economic impact of vocational education, therefore, must be
careful attention to the theoretical basis of the empirical re-
search. In spite of the strong a priori reasons for the expecta-
tion that different types of individuals benefit to varying
degrees from vocational education, little empirical investigation
of this issue has been carried out. Such research will require
large samples as well as precise measurements that are not avail-
able even in existing national surveys such as The High School and
Beyond (HS&B) and the Class of 1972.

The Motivating Power of Vocational Education

As noted earlier, one important claim for vocational education is
that it motivates students in ways the other curricula cannot. An
examination of the literature on motivation suggests that this is
probably true. Vocational education offers both incentives and
tasks that have the potential to motivate students who are unmoti-
vated tr., learn in the traditional classroom euvironment.

Motivation is not usually seen as an isolated feeling or
fixed personality trait, but as a behavioral pattern subject to
change. The motivational cycle can be represented in a simplified
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form in which personal investment leads io performance, and the
reinforcing payoff leads to further investment.1

personal investment

payoff It performance

Figure 2. The motivational cycle

Maehr and Archer (1987) present a more complex model that includes
intervening factors that influence performance. Personal invest-
ment, according to Maehr and Archer, is evidenced by choice (deci-
sion to do the task), persistence, and activity level. This
motivation not only leads to performance, but will be influenced
in the future by the perceived outcome (the payoff; the perfor-
mance appraisal). The performance itself may also be intrinsical-
ly satisfying and thus increase motivation for future action.

When educators discuss motivation, it is with a concern to
harness and enhance existing motivation. This can be done through
supplying (extrinsic) incentives and building (intrinsic) task and
achievement motivation.

Many of the claims for vocational education's motivational
power refer to the intrinsic and extrinsic rewards of technical
skills practice. Mastery learning, especially competency-based
vocational education (CBVE), uss goals that are specific and
proximal (quickly achieved). Much research has established that

lIt is interesting to note that a system such as shown in figure
2 will, if represented by'a system of three linear differential
equations with constant coefficients, achieve a stable equilibrium
provided that the product of the feedback loops of each variable
on itself is negative and larger in absolute value than the prod-
uct of effects of the variables on one another (as depicted by the
arrows). The larger the cycle of reinforcing effects shown in
figure 2 relative to the negative feedbacks of each variable on
its own change over time, the higher the equilibrium level of all
three variables. Viewed in this way, the goal of education is to
structure learning so as to achieve a maximum equilibrium level.
In concrete terms, this means that effective education (1) en-
hances the connection between personal investment of students and
their performance, and (2) ensures a close connection between
performance and payoff. The connection between payoff and person-
al investment probably is not subject to outside influences.
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the properties of specificity and proximity are motivating. To

begin with, people tire more likely to accept goals when they

believe they can attain them (Mentor
Cartledge, and Locke 1980).

Perhaps for this reason, specific performance
standards lead to

higher performance than do general goals (Locke et al. 1981); the

same is true of proximal goals (Bandura 1977). Goals with these

characteristics,
because they are achievable, also promote self-

efficacy (Bandura and Schunk 1981), and self-efficacy affects

subsequent achievement (Schunk 1984a). Well-designed mastery

learning makes use of these motivating elements.

Feedback is usually integral to technical skills practice;

results are often apparent as the student works, even without the

teacher's appraisal. Ausubel (19E3) notes that feedback not only

supplies cognitive reinforcement, but enhances existing motivation

by increasibg attention, self-confidence, and perseverance. The

motivational cycle in technical skills practice may be very short;

the student sees results (is able, in word processing, to move a

block of text to another place in the file), feels more competent

(immediate payoff), and is moved to increase personal investment

in further performance (learning to move text to a new file). The

same cycle operates in an academic classroom, but there it is

possible fc" i student to work without feedback for weeks on end.

This lacx of feedback was one of the chief criticisms of the

academic classroom made by Goodlad and others who worked on A

Study of Schools. Sirotnik (1983), with reference to data from

that study, says,

corrective feedback is rarely observed, particularly at

the secondary level. Providing corrective feedback in

combination with additional information designed to

help students understand and correct their mistakes is

almost nonexistent. (p. 20)

In technical skills practice, the perceived outcome is close to or

coincident with the performance of the task.

A distinction is commonly made between the incentive motiva-

tion (or reinforcement) supplied by external performame ,candards

and the more internalized task and achievement motivation. Task

motivation theory emphasizes cognitive motives and feeling states

such as curiosity, exploration, and mastery (Gagne 1977). Katz

and Kahn (1978) dercribe this motivation:
-

People do derive important
satisfaction in the expres-

sion of their skills, in interesting and challenging

work, and in the sense of accomplishment from succes-

sful performance of such tasks. (p. 366)
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Task mastery is ego-enhancing (Ausubel 1968); the perception
of personal competence directly affects self-esteeik. This means
that "unmotivated" students (students who are not motivated ini-
tially to invest in learning) can develop motivation through
performance. The positive feelings experienced with achievement
(the payoff) can lead to increased interest in performance and
become "a most dependable source of continuing motivation" (Gagne,
1977, p. 291). This effect depends on attribution; achievement
motivation is highest in people who attribute their success to
something they have done (Weiner 1984. The concrete tasks of
technical skills practice are related zo the student's effort in a
very direct, obw.ous fashior. It is easy to see who controls the
outcome.

One of the mbst nebulous and persistent claims made for
vocational education is "relevance." Perceived relevance is a
matter of the value attached to the task, a value that has refer-
ence to personal needs and goals. The student decides to invest
energy in a task because a cognitive appraisal suggests that a
desirable payoff will result, desirable with reference to person-
ally held (not socially mandated) goals.

When "relevance" is cited, students may be referring to
emotional satisfactions inherent in the task ("I like to work with
wood") or to outcome expectations ("This will get me a job with a
builder"). In any case, the student is expressing the belief that
this course or curriculum offers something of real personal
value--not someone else's outcomes, but his or her own internali-
zed goals. Obviously, schools must demand many tasks of students
in which students have no such interest; educatcrs, representing
society, design curricula with reference to distant outcomes young
people are not equipped to evaluate. But the student's perception
of relevance, when it exists, should be seen as a present motiva-
tion that can be a powerful force for learning.

There is evidence that students in general do see vocational
training as relevant to their needs. A Study of Schooling asked
15,000 students what function seemed to be most emphasized at
their schools--intellectual development, social responsibility,
personal development, or vocational development--and what should
be emphasized. The students said that the intellerltual is most
emphasized, and that the vocational should be given equal or
greater weight (Goodlad 1983).

The motivating power of vocational couroework can also De
inferred from other data in Goodlad's study. The students sur-
veyed perceived themselves as having the greatest decision-making
role in three subjects--the arts, physical education, and voca-
tional education. Perceived locus of control is one of the most
important factors in achievement behavior, according to Maehr and
Archer (1987).

27

:45



These subjects were also seen as "more satisfying" than
academic subjects (Goodlad, p. 115). Students liked vocational
and career education more than any subject except the -ts and
rated it third in importance, after math and English, a ng all
subjects. In terms of interest, vocational and career e acation
was again in the top three, after the arts and physical education.
Goodlad comments that a similarity between these three subjects
and foreign language study (also well-liked/ "is that they provide
models against which to check one's own performance rather quick-
ly" (p. 119). In other words, these subjects provide the frequent
reinforcement and feeling of self-efficacy that builds achievement
motivation.

A study by Campbell et al. (1987) discusses "the conventional
wisdom that tangible taski; in which accomplishment can readily be
perceived are sources of greater satisfaction for most people than
abstrat:t and uncertain accomplishments." This study briefly
examined student attitudes toward learning, using information
obtained from debriefing interviews with observers in Weber's
Classroom Dynamics Study of nearly 700 vocational classrooms
(1988).

The pattern Campbell et al. found confirms Goodlad's data:
in both area vocational schools and comprehensive high schools,
students in vocational classrooms seemed to have a more positive
attitude toward learning than their academic counterparts. Fur-
thermore, overall school clitate (learning environment) was rated
significantly higher for area vocational schools than for compre-
hensive high schools.

Maehr and Archer (1987) state that "at the heart of personal
investment theory is the contention that students invest
themselves in learning tasks as they see meaning in those tasks"
(1987, p. 30). They also point out that, while motivation is not
the only variable in classroom achievements it is extremely
important, accountin9 for between U. and 20 percent of the
variance in achievement. Moreover, motivation is a variable over
which educators have some influence (in contrast to such factors
as SES or ethnicity). The motivating aspects of the vocational
classroom experience offer students a valuable opportunity and
incentive to achieve and to build self-efficacy and general
motivation for learning.
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CHAPTER 4

INTERPRETATION AND
STANDARDIZATION OF INTERACTION EFFECTS

by Lawrence Hotchkiss

A variety of substantive contexts in sociology and other
social science disciplines leads one to expect nonadditive and/or
nonlinear specifications in a structural model. For example,
Sorensen and Hallinan ('978, 1986) propose a formal model postu-
lating that "ability and effort interact with "opportunities for
learning" to generate learning outcomes. The relationship between
age and earnings is routinely specified as parabolic (Mincer
1974). Race and gender interactions in stratification processes
have been the subject of much study (Treiman and Terrell 1975;
Portes and Wilson 1976; Parcel and Mueller 1973. Educational
theory and research frequently have postulated aptitude-by-
treatment interactions in determining learning outcomes (Cronbach
and Snow 1977). The often cited Cobb-Dmglas production function,
though linear in the logarithms of all variables, is both
nonadditive and nonlinear with respect to each independent
variable in its antilog representation. Bohrnstedt and Marwell
(1977) give several additional examples of theory that predicts
nonadditive relationships.

There is little doubt that so,:ial science theorizing often
suggests nonadditive and/or nonlinear relationships, yet few such
relationships are well established in the literature. It appears
likely that one important reason is that methodological and
conceptual difficulties are exacerb..ed with each departure from
the standard linear specification.

In recent years, important steps have been taken to help
improve interpretation and testing of nonlinear and nonadditive
models. In perhaps the most important paper on the topic,
Stolzenberg (1979) shows appropriate methods for interpreting and
testing both nonlinear and nonadditive regression models. He
defines effect as a partial derivative and suggests useful
standardization procedures. Marsden (1981) clarifies procedures
for testing for interaction effects and gives a cogent exposition
of appropriate interpretation of product terms in regression
equations. Allison (1979) corrects past nisperceptions regarding
statistical tests for interaction effects and argues persuasively
that all "main effect" terms generally must be retained in a
regression model containing one or more product terms--to adjust
for the arbitrary metrics of the independent variables.1

lAllison argues that main effect terms may be omitted only in
special cases where all independent variables are ratio scales
(origin naturally defined) and theory indicates that the main
effects should be omitted.
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Tate (1984) demonstrates the advantages and limitations of
subtracting the mean from each independent variable before forming
a product term and shows the correspondences between parameters
estimated using an arbitrary metric for the right-side variables
and parameters estimated with all right-side variables centered to
zero mean. Stimson, Carmines, and Zeller (1981) also review
appropriate test procedures for use with polynomial regression and
demonstrate how interpretation of the results may be simplified by
translation of scale on the X-axis.

Bohrnstedt and Harwell (1977) develop key algebraic
relationships involving the reliability of a product term. Heise
(1986) shows how to correct interaction models for measurement
error, allowing for correlated errors, and presents simulation
results of the performance of his formulae.

In summary, three important achievements have resulted to
date from work on nonlinear specifications. First, appropriate
procedures for testing nonlinear/nonadditivtt models have been
clarified. Second, appropriate meti;ods for interpreting effects
from nonlinear/nonadditive models have been elucidated. This
achievement is particularly important in view of the confusion
that formerly reigned in the usage of terms like "main effect" and
"interaction effect." Finally, important initial steps have been
taken toward assessing the impact of measurement error on estima-
tion of nonlinear/nonadditive models.

In spite of encouraging progress, there remain important
issues that deserve att,antion. First, methods for assessing the
magnitude and variaticn of effects over a sample or population
have not been fully expounded. Second, the impact of dynamic
cycling of "cause and effect" on estization strategies does not
appear to be widely recognized. Linear specification of a dynamic
model remains linear even after any number of cause-and-effect
cycles, but nonlinear/nonadditive specifications do not retain
their original functional form (Tuma and Hannan 1984). Third,
much remains to be investigated regarding the impact of measure-
ment error on nonlinear/nonadditive estimation.

This paper addresses the first issue, primarily because it
is, by far, the most tractable of the three and because clear
interpretation of nonlinear/nonadditive effects provides an
important basis for addressing the other two issues. When the
linear model is not in place, effects are no longer constant over
a population. Analysts, therefore, must decide how to summarize
them. This paper shows how to oalculate useful summaries of the
magnitude and variation of effects and suggests standardization
procedures for assisting with the interpretation of results.
Revised formulas for calculating standardized coefficients in
nonlinear and nonaddttive equations are shown to be at once
invariant under linear change of scale and easily interpretable.
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As might be anticipated, the summary measures often depend in
a straightforward way on coefficients associated with various
terms in an equation. Thus, these coefficients are given clear
meaning. For example, the revised standardized coefficients are
consistent with Stolzenberg's definition of standardized effects.
The standardiczed coefficient associated with a linear term in a
simple product model is shown to be the average effect in
standardized metric (standard deviation units), and the absolute
value of the standardized coefficient associated with the product
term is shown to be the standard deviation of the effects over the
sample (or population).

Continuous Variables and Interaction

Consider first the simple product model to represent the
interaction of the effects of two independent variables (x and z)
on an outcome (y).

y = a + bx + cz + dxz + u [1]

where a, b, ci d are constant parameters and u is a disturbance
independent of x and z. All variables are assumed to be
continuous variables. Frequently, a third independent variable is
defined by the product of x and z--v = xz, and [1] is rewritten

y = a + bx + cz + dv + u. [la]

This form of the model can be deceiving because it generates the
temptation to intarpret the multiplier coefficients (b, ci d) as
independent indexes of "main effects" (b and c) and "interaction
effects" (d).

The confusion stemming from this type of interpretation is so
common that the main point of elatification given by Stolzenberg
(1979), Wilson (1977), Marsden (1981), Tate (1984), and others
bears repeating. The key point is this: the variable v cannot
vary if both x and z are constant because v = xz. Therefore, it
is incorrect to interpret d in the usual sense in linear
regression, as the "effect" of u with x and v constant. Likewise,
for the same reason, the coefficient b canncst be viewed as the
"main effect" of x with both z and v constant, nor can c be
interpreted as the effect of z with x and u constant. An
important derivative point is that a simple translation of scale
(adding/subtracting a constant from all values) changes the
coefficients associated with the linear terms in the equation (b
and c).

By the partial derivative rule (Stolzenberg 1979), (le effect
of x on y in equation (1) is--

qyx = b + dz [2a]

and the effect of z on y is

q()
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qyz c + dx [2b]

where qyx is used to denote the effect of x on y and qyz denotes
the effect of z on y. Neither one of these effects is constant
across individuals, unlike effects in a linear model. Zt ther-
fore seems useful to eummarize their central tendency and varia-
tion. The mean and standard deviation are the two most commonly
used measures of central tendency and variation.
qyx and qyz are

Their values for

Eqyx = b + dEZ [3a]

Eqyz = c + dEx [3b]

a(qyx) = Idia(z) [4a]

0(qyz) = Idiax). [4b]

where E is the expected value operator, ind a(.) stands for
standard deviation. It is useful to note that the average effects
are precisely the effects evaluated at the mean of the independent
variables. Evaluating effects at the means is a common practice
among economists when interpreting probits, logits, log transform-
ed equations, and many other nonlinear functional forms.

If x and z are standardized to zero mean and unit variance,
equations (1) and (2) still hold, but (3) and (4) simplify consi-
derably. To avoi& zonfusion, let pyx, pyz indicate effects when
all variables are standardized to zero mean and unit variance, and
let the corresprnding coefficients be indicated by an asterisk.
The mean and standard deviation of effects can now be written as
follows:

Epyx = b* [5a]

Epyz = c* [5b]

a(Pyx) = a(Pyz) Id*1 [6]

Now tn terms commonly called "main effects" (b* and c*) and
"interaction effects" do lave a clear interpretation. When all
variables are standardized, the so-called main effects are average
effects, and the interaction , tfect is the standard deviation of
those effects.

Marsden (1981) argues that "it is probably best to abandon
efforts to compare the relative importance of main effects and
interaction terms" (p. 110), His argument is certainly cuzrect in
the sense that neither main-effect. nor interaction-effect terms
index effects as defined by the partial derivative rule.
Moreover, the relative magnitude of the two types of effects can
be altered by a simple translation of scale. On the other hand,
equatiuns (5) and (6) do provide a viable basis for making
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comparisons between the main effects and interaction effects.
When variables are in standardized metric, the comparison gives
the degree of variation in effects relative to the mean effect.
The coefficient of variation (a(pyx)/Epyx = Id*I/b*), for
example, provides a convenierf, numeric summary. As will be seen
momentarily, however, the simple expression for the standard
deviation of effects given by equation (6) becomes substantially
more complex when more independent variables are added to the
Podel.

It is critical to distinguish between the coefficients in a
nonlinear model where all variables are standardized (such as
equation [1] subject to-- py = px = 0, and ay = ax = ar
= 1) and the standardized coefficients that result from applying
the formula for a linear model to coefficients in a nonlinear
model like (1). is the latter type of coefficient that is
routinely produced by regression programs. These coefficients are
virtually uninterpretable for a nonlinear model. They are
calculated on the assumption that x, z, and v (e.g., [la]) each
has a standard deviation of unity. However, since v = xz its
variance is as follows:

c=Ex2z2_cz Px = Az = 02

ax = az = 1.0

where cxz stands for covariance of x and z. If x and z are
independent and ax = az = 1, then Ev2 will equal one;
otherwise, it generally will not. Hence, in general, assigning a
variance of unity to v is inconsistent with setting the variance
of x and z to unity. Consequently, standardized coefficients
based on the assumption of unit variance for v have no clear
interpretations.

Simple formulas can be derived to calculate a*, b*, c*, and
d* from a, b, c, and d. These are--

1
a* = [a (py

ay

axb* = (b dpz)
ay

c*
a z

(c + dpx)
ay

d* axaz
ay
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Note that a* generally will not be zero. Only if x and z are
uncorrelated, so that Exz = Axpz, will a* = O.

The effects of the model in standai form can readily be seen
by writing (1) again for the transformed variables and calculating
the partial derivatives

y* = a* + b*x* + c*z* + d*x*z*

Pyx = b* d*z*

(8)

(9)

where y*, x*, and z* have all been standardized to zero mean and
unit variance, and pyx denotes the standardized effect of x on
y.2 An entirely parallel result holds for the effect of z* on
y* By substituting (7b) and (7d) into (9), one finds that

pyx = (ax/ay) qyx, and [10a]

Pyz = (az/ay) gyz [10b]

which is precisely the standardization pr 'osed by Stolzenberg
(1979). Stolzenberg applies the rules of differential calculus to
arrive at the results in [10]; relying on rules of differentiation
is more elegant and more general than the derivation shown here,
but it is less transparent.

The generality of Stolzenberg's result is worth emphasizing,
and its basis bears review and amplification. Consider arbitrary
linear transformations on x and y--

xt = go + glx

Yt = ho hly

and let y be a partial function of x--

y = f(x,z)

so that the effect of x on y is

af
gyx

8x

Applying standard rules of differentiation one finds that the
effects in the new metrics (ytrxt) are

111 8f

clYtxt gl ax
[11]

2The notation qv*x* would be more consistent with the operations
leading from (1) to (8), but pyx is more convenient.
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If the constant hi. = 1/dy and the constant gl = 1/dx, as is
the case when all variables are standardized to unit variance,
then th'a standardized effect is

ax af ax
Pyx =

ay 04.6 dy

Thus, the results in (10) are completely general. They dpply
irrespective of the functional form of the structure. They also
apply more generally to linear transformations that do not follow
the zero mean-unit variance convention.

In fact, these results apply even more gentrally to any one-
to-one transformations on x and y. Let

xt = g(x)

Yt = h(Y)

y = f(x,z)

yt = h(f[g-1(xt),.z]) = ft(xt,z).

Then the effect in the new metric is a generalization of (11), as
follows:

h'(y) af h'(y)

clYtxt g'(x) ax g'(x) qyx
[12]

where the primes indicate the derivative of the function.

Two cautionary notes are in order here. First, the transfc,r-
mation functions g(x) and h(y) must be one-to-one over their
domains in a given application. Thus, h(y) = y2 is not permitted
because its inverse, which has two values for each yi is not a
function. However, if y is nonnegative in an application (e.g.,
wage), then y2 is permitted. Second, the functional form of the
structural equation in the transformed Icales may be quite
different than in the original metrics. For example, let

xt = g(x) = ix o < x

yt = ln y 0 < x

y = f(x) = x2.

In this case, the :function connecting yt to xt is quite different
from the original function:

yt = ft(xt) = 4 ln xt

Even when the transformation functions are linear, the form
of the function connecting yt to xt may not appear like the
function connecting y to x. For example, a simple exponential
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function in the original metric appears substantially more ilomplex
in the transformed metric:

y = aebx

xt = go + gix

Yt = ho hlY

Yt=
-ho + aeb(xt-go)/gi

h1
-hn

= a + fielxt, with a =
hi

a

P °g0/g
7 = b/g1

Consider again the matter of summarizing the magnitude and
variation of effects in a nonlinear, nonadditive model. A simple
generalization of the two-variable model in (1) includes all
first-order interactions for several independent variables--

y = a + Ebjxj + E Ecjkxjxk + u (13)
j<k

where j, k index the independent variables; j, k = 1, 2, . . . ,

J. N6te that (13) permits squared terms as well as products. The
average effect and stand .rd deviation of those effects can be
calculated as follows:

Eqyj = bj + zcjkpk + 2cjjpj
X

[14a]

a(qyj) = jEC3kai + 41ja3 + MC4kcinekm + 4c
jjk

Ec
jk

ajk [14b]
km

where the sums over k and m exclude values where k = j and m =
respectively. Again, these formulas simplify if all variables are
standardized to zero mean and unit variance:

Epyj = b; [15a]

a(pyj) = jEctl + 4c,4 + Me
jk

-jm. p + 4c*.Ec3k ltp.
k [15b]

k 3'
jj km

where the double summation runs over values of k < m, p stands
for population correlation, the coefficients marked by an asterisk
represent values estimated from data for which all variables are
in standardized form, and the sums over k ahd m exclude cases for
which k = j aild m = j, respectively.
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As shown in (14b) and (15b), the simple relationship between
the product coefficients and the standard deviation of effects
found in equations (4) and equations (6) becomes substantially
more complex when more than two independent variables and their
products and/or squares are included in a model. It is clear,
though, tnat the coefficients of the product terms do provide a
rough index of the contribution of one variable to variation in
effects of other variables. For example, given that c11 = pi2 =
0, then the contribution of x; to variation over the population

in effects of 0
,
on y is given unarbiguously by c12*.3

1
When p12 is not zero, however, x; does not nake a separable

contribution to the variance of effects of 4, on y*. This is

precisely the same ambiguity that arises in more general cases of
variance partitioning. It therefore seems prefarable to avoid the
variance partition approach. Instead, it is sensible to rely on a
partial derivative definition. For example, the contribution of
x2 to the effect of x, on y may be defined as the second deriva-
tive of (13), first with respect to xl, (giving the effect of xl
on y), then with respect to x2 (showing the impact of x2 on the
effect of xl on y). For equation [13], one has --

a2y
cjk.

axjaxk

These "effects on effects" cannot he readily compared unless
all variables appear in a standard metric. Againr the coeffi-
cients calculated when all variables are standardized offer a
potentially useful aid to interpretation. It is worth reiterating
that these coefficients are not the same standardized coefficients
as those produced by most regression software.

The simplicity of (15a) as compared to (14a) is one of two
reasons for being interested in the standardized coefficients.
The second reason is that effect magnitudes are roughly comparable
among independent variables when all variables are converted to
the standardized metric. The standardized coefficients for model
(13) can be calculaaed as follows:

a* = [a - (PEbjpj - E ECjwijpk))/ay [16a]
j<k

W!=c-7-1*[b3 -F EcjkPk] [16b]
3 a

Y

3The coefficient c12* also indexes the contribution of xl* to
variation in the effects of x2* on y*.
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*C. cjk
3k (16c]

The formulas for the standard deviation of effects given by
(14b) would be tedious to use for models with many variables and
many nonlinear, nonadditive terms. Equation (15b) is somewhat
simpler than (14b), but it also could be tedious to use. A
relatively simple alternative to finding the algebraic expression
for the mean and standard deviation of effects and using that
expression to calculate numerical values of.Eq and (q) is as
follows: Use a computer to (1) calculate numeric values of
derivatives of y with respect to each x, and then (2) use standard
computer software to summarize those effects. Means and standard
deviations, as well as summary statistics such as median, minimum,
and maximum, could be produced routinely.

Noncontinuous Variables and Interactions

If any variable in a structural relation is not continuous,
then the partial-derivative definition of an effect does not apply
to that variable. If a variable is not continuous, then it may be
categorical (nominal scale), ordinal, or interval defined by a
count (e.g frequency of drug use). The noncontinuous
variable(s) may be cither independent or dependeat. Generally,
when observed dependent variables are not continuous, a latent
probabili'cy model can be devised for which the theoretical
specification applies to a latent probabrnty of being in each
category. In this case, any interpretation that applies to
continuous dependent variables can be applied to the latent
probabilities. The discussion in this paper therefore is focused
on interpretations of effects in cases where independent variables
are not continuous.

Consider first the case of one dummy coded dichotomous
independent variable (x) and one continuous independent variable
(z). The effect of x now is defined as the difference between the
value of y with x=1 and the value of y with x=0, given that both z
and u are constant. The effect of x is qyx = b ± dz, which is the
same expression as for the case of continuous x (see eq. (2a]).
Its interpretation, however, is different from that of continuous
x. With dichotomous x, the effect is the difference between those
in the category coded 1.0 and those in the category coded 0. Tnis
difference is a continuous function of z, For continuous x, in
contrast, the effect is a partial derivative.

The effect of z can still be defined as a partial derivative,
and its expression is precisely the same as for the case when x is
continuous; however, the effect of z takes on only two values:
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qyz = c + dx
= c + d x = 1
= c x = 0

The equations for average e.ffects and the standard deviation of
effects over the population given by equations (3) and (4) still
apply. Likewise, the formulas for calculating standardized
coefficients (eqs. [7]) also apply. However, effects of standard-
ized dummy variables probably are not as easy to interpret as
effects in the zero-one metric. The reason is that the zero-one
coding preserves easy comparisons among categories of a nominal
scale. There is no reason why the categorical variables cannot be
left in the zero-one metric and the other variables standardized.
It is only necessary to take care when interpreting the results to
note what is being compared to what.

When one uses more than two dummy variables to represent a
categoricai variable with three or more zategories, then some
generalization of the interpretations for a dichotomy are needed.
Suppose that each of the first J-1 categories of a nominal scale
variable having J categories are represented by a dummy variable
denoted xj. If comparisons between any one of the first J-1
categories and the Jth category are desired, precisely the same
principles apply as for a dichotomous nomina scale. For any
comparison between two of the first J-1 categories, differences
between coefficients are required. Consider the following struc-
tural equation used to represent effects of a single three-
category nominal scale:

y = a + b1x1 + b2x2 + cz + dlxlz + d2x2z + u (17)

The effect of being in category 1 instead of category 3 (reference
category) is

qy,x1..x3 = bi + dlz (18)

where the notation qy,x1..x3 indicates the effect of being in

category 1 instead of category 3. This result is analogous to the
case of a "natural" dichotomy. However, the effect of being in
group 1 instead of rtroup 2 is not precisely analogous:

gy,x1-x2 = bl b2 (d1-d2)z [19]

Likewise, the effect of z now is a little more complex than
before--

qyz = c + d1x1 + d2x2. [20]

This effect -;an take on tnree values, one for each category of the
nominal-scale variable:
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qyz =

qyz = c + di

qyz = c + d2

IX1 = X2 '::

I X1 = 1

I X2 = 1

[21a]

[21b]

[21c]

In the case of an interval but Aoncontinuous independent
variable (x) the effect is defined as the difference between y at
one designated value of x and the value of y at some other desig-
nated value of x. For an equation such as (1)1 this becomes

Yl-Yo = 10(x1-x0) + dz(x1-x0)

AY = (3''1)Ax; AY = 171-Y0

AX = Xl-XO.

If x = 1, then this result reduces to the same expression as
(2a). In the completely general case with y = f(xlz), the effect
of having value xi on x instead of value xo is:

ql"xl-xo f(xl/z) f(xOtz)

An Example

A long-standing claim among vocational educators is that
vocational education enhances the value of academic education by
helping to motivate students. The basic idea is that the "hands-
on" experience of vocational courses reveals the concret3 applica-
tion of the abstractions of academic study, thereby stimulating
students' interest in academic topics. An important corollary to
this claim is that most or all students could benefit from taking
both academic and vocational courses (Silberman 1980, 1982;
National Commission on Secondary Vocatiohal Education 1984).

A typical specification of the effects of academic and
vocational courses on, say, verbal test score might be linear--

where

y = a + biA + b2V + c'x + u [22]

y = verbal test score

A = numbce of academic courses (Carnegie units)

V = number of vocational courses (Carnegie units)

x = a column vector of "controls"

u = random disturbance
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a, 131, b2 = scalar constas

c = a column vector of coefficients conformable with x (prime
indicates transpose)

The maximum number of courses is constrained "...o some number T.
Hence, A + V < T. For expository reasons, EEt A + V = T.4 With
this constraint, then the optimum combination (to maximize y) of
academic and vocational courses iP to either (I.) take all academic
courses if 1,4. > b?, or (2) takc all voclational courses if b2 > bl.
This conclusion violates common sense and disregards the claim of
vocational educators that most students benefit (in the sense of
eq. [22], learn more) if they take some academic and some
vocational courses.

A simple alternative to the linear specification in (22) is
to posit an interaction between academic and vocational courses of
the following form:

y = a + blA + b2V + b12A-V + c'x + u [23]

where b12 is a constant with b12 > 0, and b12 > 1b2 bli/T and
the other terms were defined in conjunction with (22). Equation
(23), given that b12 is positive as hypothesized, expresses the
claim of vocational educators that vocational education
complements or enhances the value of academic education--that is,
the effect of academic courses is, in fact, higher to the extent
that one takes vocational courses--

qyA = bl b12A (b12 >0)-

With equation (23) we also find that the optimum combination of
academic and vocational courses falls somewhere between the
extremes, given the constraint A + V = T. The optimum proportion
of vocational courses is found to be

optimum (V/T) = [1 + (b2 b1)/Tb12]/2.

Although the idea that different types of courses may comple-
ment each other [in the sense of (23)] is prominent in vocational
education, the basic hypothesis obviously has a much broader
potential application. For example, it seems likely that physics
at math courses would be complementary. That is, taking physics
courses should enhance what is learned from math courses, and vice
versa.

To illustrate the interpretations of interaction specifica-
tions developed in this paper, two equations of the form of (23)

4This constraint presumes that all courses arc classified as
either academic or vocational, and all students take the maximum
number of courses :T). Generalization of this simplifying assump-
tion is straightforward.
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were estimated from the High School and Beyond (HS&B) sample. In
the first equation, a composite verbal test score is the dependent
variable. English credits earned during the last 2 years of high
school are taken to represent A in equation (23), and credits in
clerical business and office courses taken during the last 2 years
of high school are used'to represent V in equation (23). These
specific academic and vocational courses are used rather than all
academic and vocational courses to avoid excessive diffusion of
whatever interaction effect may occur. The second equation
estimates a math x physics interaction. Here A is replaced by
math credits in the last 2 years of high school, V is replaced by
physics credits in the same time period, and the dependent
variable is the HS&B math test score. In both cases, the
complementarity hypothesis ilaplies that the coefficient on the
product term (b12) is positive.

The dependent variables in both equations were measured in
the first follow-up of the HS&B survey, when most members of the
sophomore cohort would have been high school seniors. The verbal
test score consists of the combined reading, vocabulary, aro
writing HS&B tests. The math test score consists of the combined
HS&B math tests (computational, theoretical). Base-year measures
of the dependent variable (when respondents were high school
sophomores) were entered as one right-side variable in each
equation. In addition, 24 control variables, all measured at base
year, were included in each equation.5

Since the HS&B survey now is familiar to most social scien-
tists, only a brief description is provided in this paper. In
1980, samples of the sophomore and senior classes of 1,015 U.S.
high schools were surveyed. Calculations reported here are based
on data from the sophomore cohort. There were 29,737 members of
the sample in 1980. Almost all of these individuals were surveyed
again in 1982, when most of them were seniors in high school.
Transcript data were targeted to be collected from 18,427 of the
original sample. Of the 18,427 transcripts, 15,941 are usable.
After eliminating from the sample respondents who did not partici-
pate in the first follow-up, and cases with missing data on the
dependent variables, the number remaining for analysi is 11,903.

5These controls are 8 region dummies; rural residence dummy;
urban residence dummy; missing data dummy for residence; race
dummy (1=black); ethnic dummy (1=Hispanic); an SES scale including
parental occupation, education, number of siblings, housing
characteristics, and possessions; log of family income; missing-
data dummy for income, lagged math and verbal test scores; dropout
dummy; an index of significant-other variables for education;
educational expectation; occupational expectation; perceived
college ability; grade point average; and hours of homework per
week. All of these variables were measured from the base year
student questionnaire, except the two test scores. The tests are
specially designed tests tor the HS&B. Identical versions were
administered at base-year and first follow-up.
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Missing data were handled by deleting cases with missing dependent
variables and substituting the mean for missing values of the
independent variables.

Table 4 goes here

Tab)s 4 displays mean and standard deviations of the primary
variables in the analyses, and table 5 presents effect estimates.
Estimates were calculated separately for females and males because
of the high likelihood that the processes under study here differ
according to gender. Columns entitled "standardized coefficient"
contain entries that were calculated according to equations (7),
and the columns labeled "linear leg. standardized coefficient"
were taken directly from the computer output. They were calcu-
lated with the usual formula ior the standardized regression
coefficient in a linear specification.

Table 5 goes here

The complementarity hypothesis does not fare very well in
these data. In only one case does the coefficient associated with
a product term achieve statistical significance and that coeffi-
cient is negative instead of positive as hypothesized. The
significantly negative product coefficient occurs in the math
equation for females, Using equation (3a), one finds that the
average effect over the sample of females of an additional math
credit on the math test score is

Firic = b + d7

= 2.0838 - 0.8141(0.1028)

= 2.0001

and the sample standard deviation of those effects is (using
(4a))--

s(qyx) = IdIs(z)

= 0.8141 (0.3097)

= 0.2521

where the bar over q indicates sample mean, and s denotes sample
standard deviation.
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TABLE 4

MEANS AND STANDARD DEVIATIONS FOR
PRIMARY VARIABLES

Variables
English Clerical Math Physics Verbal Math
credits credits credits credits test test

4141

Females X 1.5936 .7876 .7926 .1028 53.9520 51.1053
SD .8175 1.1302 .8015 .3097 9.0854 9.2671

Males X 1.5119 .1814 .9174 .1927 53.1871 52.9057
SD .8375 .3943 .8614 .4097 9.4921 10.2220

NOTE: The course credits are Carnegie units.
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TABLE 5

TWO EMPIRICAL EXAMPLES OF INTERACTION

Effects of English and Clerical Credits on Verbal Test ScAre

Females hates

Linear Reg. Linear Reg.
Independent Unstandardized Standardized Standardized Unstandardized Standarcr,zed Standardized
Variable Coefficient coefficient Coefficient Coefficient Coefficient Coefficient

Eng. cridits 0.4673*** 0.0412 0.0419 0.6464**** 0.0643 0.0570
Cler. credits 0.0736 0.0071 0.0092 -0.2569 0.0024 -0.0107
Eng. and cler. -0.0105 -0.0011 -0.0024 0.2076 0.0072 0.0163

Effects of Math and Physic Credits on Math Test Score

Independent
Variable

Females Males

Unstandardized
Coefficient

standardized
coefficient

Linear Reg.
Standardized
Coefficient

Unstandardized
Coefficient

Standardized
Coefficient

Linear Reg.
Standardized
coefficient

Math credits
Phys. credits
Math and Phys.

2.0838****
3.9650****
-0.8141*

0.1730
0.1109

-0.0218

0.1802
0.1325
-0.0511

2.1110****
3.2217****
-0.2332

10).144016

-0.0081

0.1779
0.1291
-0.0181

NOTE: 1. See footnote 6 for a list of variables included in each equation.

*

*ilk

Olt*

**Sit

p < .05

p < .01

p < .001

p < .0001
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where y = math test, x = math credits, z = physics credits, and
the circumflex indlcates sample estimation. It is clear from
theca results that the magnitude of the interaction is not large,
about one-eighth the size of the average effect. Precisely the
same conclusion is reached by examining the "standardized coeffi-
cients," but the standardized coefficients facilitate the
interpretation because they can be ccmpared directly.6

In the data presented here the coefliciente standardized by
equations (7) generally are close in value to the linear regres-
sion standardized coefficients. In the case of the coefficients
associated with the linear terms (b1 and 132), this similarity is
due primarily to the relatively small magnitude of the interaction
coefficients (b12). In the case of the interaction coefficients,
the discrepancies between the two types of standardizations are
altogether due to the degree to which stanuard deviations of the
independent variables differ from unity (see eq. [7d]). With the
particular data in the example, the h12 coefficients standardized
by formula (7d) are about half the size of those standardized by
the usual algorithm. This magnitude of discrepancy would :Ukely
have important bearing on substantive interpretations in many
settings.

There are a number of possible reasons why the complementari-
ty hypothesis is not supported in these data. One of the most
likely is that the hypothesis is false, at least with respect to
the gross level of aggregation of elucational experience represen-
ted by credits in high school courses. It is likely that much
more explicit connections between subjects taught in different
classes than are typically made by teachers would be necessary for
the hypothesis to be true.

With resprxt to math and physics, the negative coefficients
(significant only for females) on the product term suggest that
"information overload" may be operating. That is, after a certain
peak in the amount of exposure to technical material, students'
capacity to absorb the material may decline.

There also are Eeveral possible methodological reasons why
the complementarity hypothesis is not supported in the data.
Probably the most important is specification error due to inade-
quate modeling of a learning process tht describes how learning
occurs over short (relative to time between measurements) periods
of time (see Sorensen and Hallinan 1978). Additionally, effects
of measurement error and missing data on estimates o2 interaction
models are not thoroughly understood. It seems likely that their

6For example, their ratio (b*/Id*1) gives the ratio of the mean
effect to the standard deviation of those effects; this rezio has
the same value as the ratio of unstandardized mean effects to the
standard deviation of the unstandardized effects.
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impact is more severe and unpredictable in nonlinear models than
in the usual linear specification.

Discussion

This paper is intended to review and clarify existing el:posi-
tions of the interpretation of interaction specifications in
structural models. The paper extends current work in several
respects. The most notable are (1) explication of the relation-
ships between coefficients in a product model and the mean and
variation of effects over a population (or sample) and (2)
development of standardization formulas that facil3;ate interpre-
tations of interaction coefficients. It is worth Jeiterating here
that the usual "standardized betas" produced by most computer
software are difficult or impossible to interpret when the struc-
tural model contains a product term.

The exposition in this paper has focused on an interaction
specification as expressed by a product term in a structural
model. Although this relatively narrow focus makes the exposition
clear and easy to follow, it tends to mask the generality of most
of the discussion. Specific formulae to calculate average
effects, standard deviations of effects (and/or second partial
derivatives), and standardized coefficients developed for the
product models do not, of course, apply to any other type of
model. However, the main principles discussed in this paper apply
generally. It is often possible to derive simple calculating
formulae for the average and standard deviation of an effeet. For
example, given a second degree polynomial (y = a + bx + cx2), the
effect is gyx = b + 29, the average effect is b + 2cpx, and the
standard deviation of the effects is 21clax. Standardized
coefficients for this simple model also are readily derived--b* =
axb/ay; c* = qtc/cry (where the asterisks indicate

standardized coefficients). In many cases, however, it probably
would be easier to calculate averages and standard deviations of
effects numerically with a computer. Standardized coefficients
also can be calculated readily by standardizing all variables
prior to estimation, but in doing so it essential to modify the
functional form to offset the change of scale.7

7For example, nonpositive arguments are inadmissable for the log
function.
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CHAPTER 5

INTERACTION IN DYNAMIC MODELS

By Lawrence Hotchkiss

In sociology, as in other social sciences, there is ample
reason to be interested in telationships between variables in
cases where the relationship is conditional--that is, the
relationship changes from one condition to another. Such
relationships often are described as interaction in the statisti-
cal literature.

Interaction has been studied in a variety of contexts
(Bohrnstedt and Marwell 1977). In socA.ology, mobility (attain-
ment) models frequently are depicted as contingent on personal
characteristics such as race and gender (e.g., McClendon 1976;
Hout and Morgan 1975; Featherman and Hauser 1976). Stolzenberg
(1974) argues that education and labor market experience interact
in their influence on earnings. In economics both production
functions and utility functions generally are sensible only if
they contain some interaction component. The Cobb-Douglas produc-
tion function is the most elementary example of this type of
interaction.

Educational researchers have also hypothesized interactive
relationships. Formal theory of learning (e.g., Sorensen and
Hallinan 1978, 1986) hypothesizes that "opportunities for
learning" interact with "ability and effort" to produce the rate
of learning. Educational theory and research often postulate (but
seldom find) "aptitude-by-treatment" interaction (Cronbach and
Snow 1977). Vocational educators frequently argue that the
applied aspects of vocational training help to motivate students
and thereby enhance what students learn from academic courses
(National Commission on Secondary Vocational Education 1984).

In the past several years, important steps have been taken to
elucidate the proper meaning and interpretation of interactiun
effects (Stolzenberg 1979; Marsden 1981; Tate 1984; Allison 1977).
The most important accomplishment has been to clarify the
interpretation of structural relations that incorporate
interaction. Stolzenberg's paper (1979) is particularly cogent in
this respect, because it provides a thorough development of the
idea that an effect in the presence of interaction with continuous
functions is clearly defined by a partial derivative.
Interpreting effects as partial derivatives avoids the confusion
that often accompanies terms like "main effect" and "interactior
effect."
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It is useful to summarize and formalize the ideas regarding
interaction that appear in the literature just cited. Let y be a
continuous variable, and let x be a second variable whose effect
on y we wish to assess. Define z to be a vector of other varia-
bles that itEluence y. Suppose that the dependence of y on x and
z is summarized in the following functional relation:

y = f(x,z) [1]

where f is a function. If x is continuous, then the effect of x
on y (qyx) is a partial derivative. If f is not continuous (e.g.,
x is a nominal scale), then the effect of X on y rust be deZined
as a difference, since the partial derivative no longer exists.
These ideas may be summarized as follows:

qyx = af(x,z)/ax 1 f continuous [2a]

qyx = AY ' Yl Yo f not continuous [2b]

= f(xl,z) - f(x01z)

where yi and yo are values of y at xl and xo, respectively. A
convenient way to define interaction is to stipulate that the
effect of x on y is a function of (one or more elements of) z--

x interacts with z < > qyx = g(x,z)

where g is some function. The critical aspect of the formal-
ization is that qyx depends on z. The fact that it mav also
depend on x is incidental here.

[3]

The recent literature on interaction effects also has helped
to clarify how to estimate and test the significance of
coefficients associated with prodact terms in a structural rela-
tionship (e.g., Allison 1977; Tate 1984). Additionally,
Bohrnstedt and Marwell (1978) and Heise (1986) have taken
important first steps toward assessing the effects of
unreliability on statistical estimates of parameters in equations
that include product terms.

No paper has investigated the implications of dynamic
structural models for estimation of interaction effects, however.
This chapter provides an introduction to the complexities that
arise when interaction is hypothesized in dynamic models. All
social relationships are processes that unfold over continuous
time, and we expect many interactions; hence, the topic of this
chapter is particularly important :Ln the quantitative study of
social relationships.
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The chapter begins with a discussion of discrete-time models
as represented by difference equations and then presents analogous
results for continuous-time models as represented by differential
equations. There are two reasons to begin with difference
equations. First, they are conct4Itually easier to grasp than
differential equations; hence, t`.1ey provide a good basis for
introduoing fundamental ideas. Second, starting with difference
equations helps to show how use of differential equatibns may
resolve a critical issue in longitud4nal research with nonlinear
functione--how should one proceed in the absence of knowledge of
lag time between cause and effect? A major practical difficulty
with difference equations is that one must know the length of the
time lag between cause and effect in order to estimate their
paramaters. On the other hand, the lag time is assumed to
approach zero in differential equations; hence it need not be
specified by theory. An important result of this chapter is that
differential equations may provide reasonable (though slightly
biased) estimates of the parameters of a difference equation
provided that there are several cause-and-effect cycles between
measurement points. As few as five cycles are shown to yield
reasonable results in Monte Carlo simulations of a fairly simple
model. It is concluded, therefore, that lack of knowledge of
precise lag time is not a critical barrier to estimating
parameters of nonlinear dynamic models. All that is needed is the
qualitative knowledge that lag time is short relative to the
length of time between measurements.

Discrete Time--Difference Equations

The basic issue raised here can best be explicated by
starting with a few simple relationships in which there is a
finite lag time between "cause" and "effect." The (constant) lag
time is set to unity, and the time points are represented as a
sequence of integers--1, 2, . , n. First, as a basis for
ccAtparison, consider a linear difference equation in which change
in y is depicted as a function of x and z and lagged y--

yji.1 = a + byj + cx + dz [4]

where the subscripts represent time points, and, a, b, c, and d
are constants. Note that x and z are constant over time but vary
over individuals. Parents' education and occupational status at
age 16 are typical examples of x and z; examples of y include test
scores and level of occupational aspiration. The solution to (4)
itself may be written as a linear function of lagged y, x, and
z--
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Yn = a* b*Yl c*x d*z

where (given b 761)-8

a* = a(1-bn)/(1-b)

[5]

b* = bn

c* = c(1-bn)/(1-b)

d* = (1-bn)/(1-b).

The importance of this solution is as follows: No matter how
many cause-and-effect cycles (n) elapse between measurements, the
linear form of the fundamental model (4) is preserved. Thus, even
after several cycles we can still use a linear regression (with
appropriate assumptions about the disturbance) to study the
impacts of x and z on y. in doing so, however, it is important to
recognize that the regression coefficients do not directly esti-
mate the fundamental parameters (a, b, c, d). Rather, they esti-
mate accumulated effects over repeated cycles. It is necessary to
know n baore the fundamental partmeters can be retrieved from the
regression coefficients.

An interaction between x and z, say, of the following form--

yi+1 t. a + byj + cx + dz + gxz

(g = constant coefficient) yields the following solution:

yn = a* + b*yi + c*x + d*z + g*xz

The relations between the fundamental
the regression estimates (a*, b*, c*,
with (5) hold here, and gw = g(1-bn)/
form of the fundamental structure (6)
ting equation (7).

Now, suppose that x interacts with lagged y in the funda-
mental structure, as follows:

parameters (a, bl c, d) and
d*) defined in conjunction
(1-b). Again, the functional,
is preserved in the estima-

yj4.1 = a + byj + cx + dxyj [8]

This model might be viewed as a representation of the idea that
learning (1714.1 - yj = a + (b-1)yj + cx + scb7/j) is a function
involving the product of readiness and exposure. Here exposure is

8These expressions follow from well-known results for linear
first-order difference equations (see e.g., Yamane 1968).

52

59



the rate of presentation of new material x, assumed constant over
time, and readiness is identified with current level of
knowledge.9

The structure implied by (8) after just two cycles is

y3 = a* + b*yl + c*x + d*xyl + g*x2 + h*x2Y1

where

a* = a(l+b)

b* = b2

c* = c(l+b) + ad

d* = 2bd

g* = cd

h* = d2.

9 ]

In this case the functional form of the original structure (8) is
altered. Two new terms appear in (9), one involving x2 and one
containing x2y1. Thus, using the same functional form in the
estimating equation as one hypothesizes in thGory would lead to a
misspecified estimating equation.

If one knew that the time elapsed between measurements were
exactly twice the lag time in the basic structure, then an esti-
mating equation like (9) could be used (along with appropriate
constraints on the coefficients). All the fundamental parameters
of (8) could then be calculated from the regression estimates of
the coefficients in (9). However, it is important to realize that
the functional form of the estimating equation changes for each
cycling that occurs between measurement points. The general
solution for (8) is as follows:

1-(b+dx)n
yn = (a + cx) 1-b-dx

+ (b + dx)n 171 [10]

A nonlinear method of estimation obviously would be requirad here.
Moreover, it would be necessary to know the value of n a priori.

9T1lis model contains the basic concrl_cual ideas of Sor. .1n and
hallinan (1978) but expresses them in a somewhat differeh,
functional form. Connecting equation (8) to a learning hypothesis
is done purely ior purposes of exposition and is not intended as a
substantive alteration of the Sorenfssn-Hallinan paper.
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If -1 < b + dx < 1, then as n goes to infinity equation (10)
reduces to

yn = (a+cx)/(1-b-dx) I -1 < b + dx < 1. [10a]

This result can be viewed as a nonlinear reduced form. As with a
linear reduced form it is not possible to identify all the
structural parameters from (10a). It is, however, possible to
identify relative values of the parameters. For example, one
might estimate by nonlinear least squares a function of the
following form: yn = (a+ix)/(1+P+6x). The ratio of these
parameters to each other will be the same as the ratios of corre-
sponding structural coefficients (e.g., 13/.5 = b/d).1°

One interesting aspect of equation (10) is that it does take
on the same functional form as the basic structure (8), given that
the exogenous variable x is a dummy variable. It is interesting
to speculate that this observation may help to account for the
fact that statistically significant interactions are more often
reported for categorical variables such as race and gender than
for approximate continuous variables such as education,
occupational status, or test scores. The point here is that
estimating equations with x a dummy variable assume the same
functional form as the structaral equation; hence, they are less
likely to be misspeciiied than estimating equations with
continuous x.

It is conceivable that an estimating equation with the same
functional form as the basic structure (8) would provide an ade-
quate approximation in many instances. Although such an estima-
ting equation would be misspecified, given a large sample, it
might be sufficient to detect the presence and direction of the
interaction. Given the approximate nature of most theory
predicting interaction, detecting its presence and sign may be an
important achievement. The effectiveness of this strategy and
others suggested here will be examined using Monte Carlo simula-
tions in a later section of this paper.

laAdding a "white noise" disturbance to equation (e) generates a
version of (10) and of (10a) that includes a disturbance indepen-
dent of x. Preliminary experiments using generated data and
nonlinear least squares suggest that either (10) or (10a) might
serve as a basis for estimating the parameters of the model.
However, as noted in the text, 3t all the structural parameters
are identified in (10a).
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Continuous Time--Differential Equations

With the basic issue of this paper now in mind, it is useful
to review the results for the case where "causal" lag time
approaches (never quite reaches) zero.. If one subtracts yj from
both sides of (4), the following result is obtained:

Ay = a +(b-1)yj + cx + dz [11]

(with Ay = yji.1-yi)). Since the time lag between time j and
time j+1 is scaled to equal 1, the left side of (11) is a rate of
change with respect to time. As the lag time approaches zero,
(11) becomes a linear differential equation of the following
general form:

dy/dt = po + + p2z + qy [12].

There are distinct conceptual and practical advantages of
(12) as compared to (4) [or (11)]. First, time is conceptualized
as continuous in (12) but is discrete in (4). Since time is, in
fact, continuous, this is an important adVantage of (12) over (4).
Second, since (12) implies that the number of cycles between
measurements approaches infinity, it is unnecessary to specify a
priori the number of cycles. In practicer whenever the cycle time
is short relative to the time elapsed between measurements, the
solution to (12) provides a good basis for an estimation stra-
tegy.

The solution to (12) has been noted repeatedly in the socio-
logy literature; it is

where

y(t) = + plx + p42(z + q*y(0)

* Pop
o
= -(e,1,- -1)

* P1 t
p
1
= --(eq -1)

* Pp
2

= 2
(eq-*-1)

q* = eqt
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(see, e.g., Coleman 1966; Doreian and Hummcn 1976; Tuma and Hannan
1984) .11 In a qualitative waythe same result found for a
linear difference equation also holds for a linear differential
equation--that is, the linear form hypothesized for the basic
structure (12) also applies to the estimating equation.12

Again, as for the difference equation (8), interaction
involving x and y--

dy/dt = po + plx + goy + qvcy (14)

generates an estimating equation with a functional form quite
different from the original structure (eq. [14]), one that is
nonlinear in the parameters as well as in x and y--

Po 4. plx (chyl-cilx)t e(c/o+calx)t
y(0) [15]y(t) = [e

go glx

where e is the base of the natural logarithm. Most of the conclu-
sions regarding the solution to the difference equation (10)
apply here. In principle, nonlinear estimation could be applied
either directly to (15) or to a reduced form (letting t --> a)--

y(m) = (po + p1x)/(q0 + qlx) 1 qo + qlx < 0 [16]

It is easier to use (15) as a basis for estimating parameters
than to use (10) (solutiori to difference equation), because it is
not necessary to know ie number of cycles to estimate (15). All
one needs to know is that the recycle time is short relative to
the length of the measurement interval (five cycles or more
between measurements give a good approximation--see simulation
results in the next section of this paper.)

llIt should be noted that setting t = 0 at the initial
observation point is an arbitrary translation of the time scale.
This scaling often is used in the literature for notational
convenience, to avoid awkward expressions like y(t+At) =
f[y(t) ,x].

12See Tuma and Hannan (1984) for a review of statistical issues
related to estimating (13). Basically, adding "white noise" to
(12) transforms it into a stochastic differential equation. The
solution is again linear and can be estimated consi?tently using
OLS.
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Monte Carlo Simulations

In order to convey some impressions of the behavior of alter-
native estimating strategies for testing interaction hypothese5; in
dynamic models, several simulations were carried out.
Calculations are based on the difference equation (8) which
expresses an interaction between lagged y and an exogenous
variable x. Three estimating strategies are considered: (a)

apply ordinary least squares regression to observed data using
precisely the same functienal form as in the structural equation
(8); (b) use nonlinear least squares in conjunction with the
general solution (10) to equation (8); and (3) use non)inear least
squares with the reduced-form (10a) solution to (8). In practice,
the first option is by far the most likely to be applied. The
adequacy of option (a) as an approximation depends on n, the
number of cycles between measurement time points. Simulations
were calculated for n = 1, n = 3. and n = 5.

The following algorithm was used to generate the observa-
tions:

171 = 3 + cx + uo auo = J5 - c2

yj4.1 = a + byj + cx + dxyj + uj 1 j 1

a = 2.25uj

with x normed to zero mean and unit variance. The ui also have
zero mean. Both x and u are normally distributed. Samples of
size N = 200 cases were generated with a time series of n = 100
for each case. Each estimating equation except the reduced form
was based on two time points out of this series, thereby simulat-
ing the two-wave panel survey so commonly analyzed in sociological
and educational research. The reduced form was estimated from
data after 100 cycles (n = 100). Three different sets of values
for the parameters c and d were used. Twenty-five samples were
drawn for each set of simulations.13

The results, including the values of the parameters, are
displayed in table 6. The lines labeled "mean" show the average
value of the parameter estimate over the 25 samples. The lines

13In some or possibly all of the cases considered here, it would
be possible to find analytically the expected values and standard
errors of the parameters. Even with the OLS lag-one estimates,
however, the standard errors depend on the inverse of the X'X
matrix. After several cycles, the entries of this matrix might
not bf) easy to calculate analytically.
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labeled "SD" show the standard deviatiohs. The lines labeled
"RMSE" give the root mean-square errors. Standard deviations
summarize sampling stability of an estimate irrespective of bias.
The RMSE provide a combined summa.ry of sampling stability and
bias. When there is no bias, RMSE = SD; otherwise, RMSE > SD. No
statistics are summarized for the intercept (a) in the reduced-
form estimates. Recall that the reduced-form is not identified--
only the ratios of parameters are identified. For the
simulations, a was set a priori to 1.3, hence, there is no
sampling fluctuation, and the summary statistics are therefore not
informative.

Table 6

Several interesting observations are contained in table 1.
The most salient result is, as expected, that OLS yields highly
biased estimates when the lag time does not equal 1. It is some-
what anomalous, however, that one is more likely to detect the
presence of the interaction with OLS if the lag time is greater
than 1 than if it equals 1. This anomaly is due to the fact that
the bias on the OLS estimate of the interaction coefficient d is
positive as lag time increases.

The f.inding that a badly misspecified OLS equation is still
capable of detecting interaction is somewhat encouraging, since
theory is seldom able to indicate the lag time between "cause" and
"effect." In many instances, simply detecting the presence and
direction of interaction Inlv be an important accomplishment.
However, it is easy to be .verly sanguine in this respect.
Specifications of the underlying structure other than the one used
for the present simulation may not yield the same conclusion.
Moreover, although quLlitative conclusions regarding theory seldom
require precise numerical estimates of structural coefficients,
some reasonable approximation generally is necessary in order to
assess the "substantive importance" of the interaction. It is
difficult to use the OLS estimates in this way since their
strengths depend on the unknown lag time and, unless lag = 1, they
do not estimate any interpretable parameter.

In contrast to the OLS estima-es, both of the nonlinear least
squares (NLS) methods yield essentially unbiased and reasonably
efficient parameter estimates. The empirical standard error (SD)
estimates are of the same order of magnitude as are the OLS
estimates for lag = 1.

It is interesting that the standard errors fcr the reduced-
form NLS are uniformly smaller than other standard errors.
Presumably this observation is due to the fact that only three
parameters are estimated with the reduced form, since only three

58

85



TABLE 6

SIMULATION RESULTS BASED
ON DISCRETE TIME LAGS

Estimation Method

Summary
Statistics

OLS OLS OLS NLS NLS Reduced
lag=1 lag=3 lag=5 1ag=5 form (n=100)

a=1 Mean 0.926 2.151 2.774 1.048 __

SD 0.181 0.291 0.381 0.263 --

RMSE 0.196 1.193 1.824 0.267 __

b=.7 Mean 0.726 0.368 0.183 0.632 0.689
SD 0.047 0.067 0.072 0.086 0.029
RMSE 0.054 0.339 0.523 0.088 0.031

c=.15 Mean 0.133 0.364 0.556 0.100 0.133
SD 0.252 0.381 0.359 0.209 0.163
RMSE 0.253 0.437 0.543 0.215 0.164

d=.05 Mean 0.041 0.081 0.098 0.066 0.054
SD 0.053 0.082 0.080 0.054 0.039
RMSE 0.054 0.088 0.093 0.057 0.039

a=1 Mean 0.935 2.192 2.740 1.027
SD 0.281 0.372 0.338 0.206
RMSE 0.288 1.251 1.777 0.207

b=.7 Mean 0.711 0.354 0.214 0.699 0.695
SD 0.063 0.091 0.071 0.058 0.020
RMSE 0.063 0.359 0.492 0.058 0.020

c=.075 Mean 0.063 0.318 0.442 0,093 0.091
SD 0.277 0.285 0.472 0.142 0.099
RMSE 0.277 0.375 0.598 0.143 0.100

d=.10 Mean 0.099 0.182 0.223 0.097 0.100
SD 0.057 0.075 0.072 0.029 0.008
RMSE 0.058 0.111 0.143 0.029 0.008

a=1 Mean 0.928 2.192 2.777 1.041
SD 0.181 0.288 0.376 0.263 __

RMSE 0.195 1.189 1.821 0.266 --

b=.7 Mean 0.725 0.365 0.177 0.683 0.636
SD 0.047 0.069 0.072 0.087 0.0:11
RMSE 0.054 0.344 0.531 0.059 0.034

c=.3 Mean 0.272 0.631 0.891 0.261 0.268
SD 0.247 0..83 0.343 0.187 0.142
RMSE 0.249 0.508 0.687 0.191 0.146

d=.03 Mean 0.023 0.053 0.065 0.044 0.039
SD 0.050 0.084 0.076 0.050 0.035
RMSE 0.051 0.087 0.084 0.052 0.036

NOTES: 1. NLS stands for nonlinear least squares; OLS means
ordinary least squares.

2. The sample size N = 200; the number of samples = 25.

3. SD = standard deviation, RI,SE = root mean
square error



are identL'ied. To identify all the parameters, it is necessary
to use the full solution to (8)--equation (10). However, this is
not a practical strategy since one seldom knows the value of n a
priori. It is therefore concluded that the reduced form equation
(10a) provides a useful basis for exploratory analyses in which
one is expecting interaction between an exogenous variable and a
lagged dependent variable. This strategy certainly seems prefer-
able to indiscriminate application of OLS to equation (8).

In the absence of theoretical specification of the lag time
(which implies knowledge of n), a useful approximation might be to
assume instantaneous effects (i.e., At-->0) and use the solution
(15) to the differential equation (14). A simulation with lag = 5
and a = 1, b = 0.7-1 = -0.3, c = 0.15, and d = 0.05 was conducted.
The results are displayed in table 2. The estimates of a and b
appear to exhibit slight upward bias in absolute value; t-tests
indicate statistical significance at a < 0.05 in both cases.
However, the magnitude of the bias is small, well within
acceptable levels for most social science applications. Typical
longitudinal social data are collected at widely spaced intervals,
generally at least 1 year and often several years. In most
situations, it therefore is likely that at least five cycles are
completed between measurements. Consequently, a differential-
equation model of+en may yield a good approximation even when
finite length of time between "cause" and "effect" is expected a
priori.

Table 7

It is noteworthy that the standard errors on the intsraction
coefficient (d) generally are so large that the interactiun
coefficient would be unlikely to be detected in a sample of size
200. Assuming that this standard error declines approximately
with the square root of N, then a sample size of 2,000 or more
likely would be needed in order to produce reasonably stable
estimates.

Summary and Discvssion

This chapter investigates the impact of dynamic models on
estimating interaction effects. Primary attention is devoted to
interaction between one exogenous variable (constant ovtr time but
not over individuals) and one endogenous variable. A simple
product model is used to represent the "causal" process that is
hypothesized to occur over a period of time. It is observed that
if longitudinal data are analyzed that have been collected at time
points that are farther apart than the length of the "causal lag,"
then the functional form of the estimating equation is different
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TABLE 7 J

SIMULAmION RESULTS BASED ON
CONTINUL'S-TIME APPROXIMATION

Parameter
a=1 b=0.7-1=-0.3 c=0.15 d=0c05

Mean 1.188 -0.354 0.122 0.066
Std. dev. 0.329 0.105 0.216 0.062
Root mean sq.

error
0.378 0.118 0.218 0.064
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than the functional form of the basic structure. This result
stands in sharp contrast to the linear case, since a linear
estimating equation is appropriate no matter how many "cause-and-
effect" cycles occur between measurement pointr".

Simulation results for a difference-equation model reveal the
following:

o Indiscriminate application of OLS using an estimating
equation with the same functional form as the basic struc-
ture generates highly biased estimates of the structural
coefficients. Moreover, the OLS coefficients do not
,lstimate any easily interpretable quantity. However, the
OLS nay be sufficiently robust to detect the interaction--
though other methods are preferable.

o Nonlinear least squares (NIS) estimates using the complete
solution to the difference equation yield good estimates
of the structure. A critical disadvantage of this method,
however, is that it requires a priori knowledge of the
length of the "causal lag."

o NLS applied to a reduced form yields good estirates of the
ratios of the parameters of the structure, but the
absolute values of the parameters are not identified. Two
advantages of the -:educed-form method are that a priori
knowledge of the length of the causal lag is not necessary
and sampling error is low.

o Estimates based on the solution to a differential eguat_on
provide reasonable approximations of the parameters of the
difference equation when as few as five "cause-and-effect"
cycles occur between measurements.

This last point is critically important. It implies that we
do not necessarily need to know the length of the lag time between
cause and effect in order to proceed. All that is necessary is to
know that lag time is short relative to the time between
measurements. Since lag Valle is almost never known in practicet
it is .:;oncluded that differential equations provide a powerful
tool for renrrsent'ng social processes.

The clearest implication is that interaction effects in a
dynamic model introduce complexities that may not be anti,cipated
by many practicing researchers In view of the fact that social
processes do, in fact, operate over time, it seems likely that
failure to detect and validate many hypothesized interactions is
partly due to these complexities. It is important to keep in mind
an accurate perspective on the results reported in this paper.
First, the produ7t model analyzed here is but a special case of
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nonlinear nonadditive dynamic models. Such models generally
introduce enormous complexity into empirical analysis (see Tun
and Hannan 1984; Gandolfo 1981). Second, attention here is
confined to a single equation with one endogenous variable and one
exogenous variable. Estimating methods become substantially more
complex when the exogenous variable(s) change over time and/or a
nonlinear system of two or more endogenous variables is
considered. Additionally, use of a product formulation to
represent interactions is convenient and reflects common practice
in the social sciences, but it is arbitrary since the functional
form of the interaction is almost never derived from theory.

This chapter serves two important functions. First, it shows
practical methcds for estimating coefficients of a relatively
simple dynamic interaction model. Second, it alerts researchers
to important consequences of nonlinear specifications in dynamic
models and thereby suggests the need for careful consideration of
appropriate estimating strategies when such models are hypothe-
sized.



CHAPTER 6

THE VOCATIONAL CLASSROOM AND STUDENT
LEARNING STYLES

by Lawrcnce Hotchkiss and
Jeanne Desy

The earlier chapters of this report describe the characteri-
stic vocational classroom and what it offers. In this classroom
students learn through doing, often working alone and receiving
one-on-one instruction. Mastery is emphasized, and structured
competency-based learning may be ulted. Students read less, wr:Ite
less, and listen less than in the ac..demL: classroom and learn
more often through tactile-kinesthetic modes. They work with a
hiuh degree of autmomy and make numerous decisions as they go.
They report that this kind rf learning is enjollble and relevant.
The accomplishment it affords them is ego enh-mcing, and the
hands-on work provides incentive, task, and achievement
motivation.

What type of student stands to beneiit most from this educa-
tional opportunity? This question cannot be answered from the
present base of theory and research. However, learning style
theory appears to be particularly relevant to the question. In
this final chapter, we review learning style theory and assess its
usefulness as a theoretical basis for organizing theory of
vocational education.

It is apparent that a student whose learning style is fairly
well matched to the opportunity will learn more than a student
with a poor match. The key issue is to achieve optimum matches.
Some writers (see Kirby 1979) recommend challenging students--
teaching through less-favored modes--to develop their flexibility
in learning. Challenge matching for certain tasks can take place
in the classroom, where the teacher can carefully regulate the
teaching method with attention to individual needs. For purposes
of placement, however, style matching is valuable, especially for
students who need to experience success in learning. Lembke
(1985) reviewed the extensive research on this topic and found
that the evidence supported style matching: "when instruction was
consonant with learning style, academic achievement was increased"
(p. 62).

As the term suggests, learning style is a way of describing
how an individual goec about learning. Keefe (1979) sees learning
style as composed of "cognitive, affective, and physiological
behaviors that serve as relatively stable indicators of how
learners perceive, interact with, and respond to the learning
environment" (p. 4).

As this definition suggests, "learning style" is a construct
with a large and complex domain whose boundaries are not clearly
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defined. Simply establishing the content to be assessed is
difficult, and the various models differ widely. Sewall (1986)
says that most are based on the findings of cognitive style
research, especially on Witkin's theory of field-dependence/-
independence. McCarthy (1980) states that a numbe: of models
(including her own) are based on Jung's definitions of psychologi-
cal types--thinkers, feelers, sensors, and intuitors. These
categories are represented by McCarthy, Kolb, Gregorc, and others
by the individual's relationship to two intersecting continua.

active
experimentation

concrete
experience

abstract
conceptualization

reflective
observation

Figure 3. The Motivational Goals

Roughly, these axes represent perception (tha vertical) and cogni-
tive processing (the horizontal).

Models of learning style based on cognitive/processing
preference describe four basic learning styles, located in the
quadrants of the model. In Kolbes model, the style that best
matches with the vocational classroom is that of the learner who
perceives abstractly, "let is, favors thinking over intuition, and
processes actively. Kolb (1976) calls this learner the
"Converger" and says "his greatest strength lies in the practical
application of ideas" (p. 5). The Converger thinks deductively,
does best when there is a single correct answer and would rather
deal with things than people.

Gregorc (1982) defines processing somewhat differently, as
linear or nonlinear ordering. His instrument would depict the
ideal vocational student as Concrete Sequential. This student
prefers to work tactilely and learn through hands-on experience.
He or she likes to follow exact directions.

McCarthy (1980) describes a Common Sense Learner, who, like
Kolb's Converger, is active-abstract. This student's strength is
the "practical application of ideas" (p. 41), and he or she needs
hands-on experiences. Unlike Gregorc, McCarthy describes this
student as one who "resents being given answers." (p. 41)

This brief review of three similar models of learning styles
demonstrates an important truth about this area: numerous
conflicting models are in use, and many differ from one another
more sharply than those mentioned above. For example, the Dunn's
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model incorporates a conglomeration of elements that are environ-
mental, emotional, sociological, and physical. The student's
prLferences are surveyed on room temperature, structure, optimum
time of day for learning, snacking while learning, and 19 other
stimuli (Dunn 1984).

The Dunn's work is illustrative of a second difficulty with
the literature on learning styles: tha research base is often
very thin or questionable. In a 1982 article titled "Teaching
Students through Their Individual Learning Styles: A Research
Report," Rita Dunn (National Association of Secondary School
Principals 1982) presents the research behind the Dunn/Price
Learnings Style Inventory (LSI). Of 14 studies cited, 8 are
doctoral dissertations completed at St. John's University, where
Rita Dunn teaches. Of the remaining five sources, three are
dissertations, one deals with college students (the LSI is used
for grades 3-12), and one is an article about high school students
in which no population number is given. Lembke (1985) comments
that "a self-fulfilling prophecy could be at work" (p. 65).
Although this research base is questionable, it remains true that
the Dunns have emphasizel the empirical basis of their work more
than any other learning style theorists.

Assessment of learning style is fraught with problems.
Blakemore, McCray, and Coker (1984) noted that the 11 ir ruments
they surveyed had several common problems. Most important--

o few have vocational relevance,

o little technicrl data supports their validity or reliabi-
lity, and

o they "rely on the testee's ability to make accurate
judgements about himself" (p. 28).

Davidman (1981) has pointed out that learning style inventories,
such as the Dunn/Price LSI, can yield only "informed specula-
tions," but are often taken to provide "precise, accurate conclu-
sions about individual students' preferred learning styles"
(p. 4).

Other critiques of the Lumerous assessment instrunents
available have also been harsh. For instance, in 1977 the
American College Testing Program carried out a thorough study of
cognitive style mapping based on Joseph Hill's reputable and well-
developed model. Hill and others selected the ACT instruments
that were refined and used in the study. The project found that
those instrurints lacked construct validity, although the select-
ors had confiLence in their face and content validity. The
writers note that

in the research on educational cognitive style completed
to date, little or no data have been presented to
demonstrate the psychometric adequacy of the measures
employed. In those instances where validity is
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addressed, it is nearly always content or fPce validity
based on expert judgement. (American College Testing
Program 1978, ID. 53)

They recommend that the development of technically round instru-
ments be the priority for future research.

Nearly 10 years later, this situation seemed little changed.
In a 1986 study, Sewall carefully evaluated four assessment tools.
He found that

evidence supporting the conscruct validity of the Myers-
Briggs is minimal and practically nonexistent for the
Kolb LSI, the Canfield LE and the Gregorc Style
Delineator. (p. 59)

Sewall theorizes that the r:loblem lies with both the models and
the instruments. He further notes that these instruments may not
be reliable and, 111-7.e the ACT report, calls for further work on a
valid measurement device.

The selection (or creation) of the most valid and reliable
tool for measuring learning style will demand extensive research,
given the intricate problems associated with learning style models
and with instrument design. Of the most-discussed instruments
the Myers-Briggs Type Indicator (MBTI) is most recommnded. The
model it is based on is a direct descendent of Jung's psychologi-
cal type theory. The forced-choice, self-report inventory
consists of four scales:

o Extraversion-Introverb.uon

o Sensation-Intuition

o Thinking-Feeling

o Judgement-Perception

Sewall rates the MBTI highly for its ease of administration,
scoring, and interpretation, and considers it "one of the better
instruments currently available to assess learning style type" (p.
18).

The MBTI yields results that can indicate .thether a student
would fit the vocational classroom. The ideal student would favor
"sensing" in perception, tending to "deal realisticalll, obser-
vantly and precisely with tasks. . .[and] with details and facts,
preferring experience to theory" (Barger and Hoover 1984, p. 57).
The student would favor thinking judgements over feeling judge-
ments, tending to be logical and interested in causal relaticn-
ships, and might be more introverted than extraverted, preferring
to work alone.
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Anothir approach to assessing the individual differences that
might make a student more suitable for the -ocational classroom
has been sumjested by the won:: of Andersou and Scott (1978).
Their study of 100 secondary students in humanities and social
science classes measured student involvement in learning--the
percent of time the student was on task. Scholastic aptitude
(APT) was measured by the verbal subtest of the Lorge-Thorndike
Intelligence Test, and academic self-concept (ASC) was measured by
the Scott Academic Self-Concept Scale. The analysis showed that
low APT-ASC students were less responsive to lecture and audiovi-
sual methods than other students. These students may do better in
a classroom that offers increased opportunities for technical
practice and one-on-one teaching.

Critics of learning style assessment agree that, as Sewall
(1936) says, "a valid model and measurement device for learning
style would be a powerful tool for the facilitation of learning"
(p. 61). In its absence, several writers recommend a combination
of formal and infoimal assessment. Davidman (1981) recommends
that educators create their own "mini-qnestionnaires" (p. 4) and
invest time in questioning individual students. Hunt (1981)
suggests that teachers perform .4, reciprocal, transactional
"reading" in the classroom.

Campbell, (1987) who has been extensively involved with
assessment, suggests a similar process. Having observed that many
students fill out self-report questionnaires quickly and without
much thought, he suggests assessment for purposes of curriculum
choice through an interview. The interviewer should develop and
express genuine interest in the student as a person with a serious
decision to make. The interview would begin with a statement of
purpose, to help the student see the seriousness of the task. The
guidance counselor or teacher would survey the student's academic
history and ask open-ended questions about interests and
activities. These and an informal atmosphere would be designed to
put the student at ease and encourage free discussion. Next, the
interviewer would verbally administer a simple, locally designed,
forced-choice questionnaire. This should be designed to elicit
learning preferences as well as general areas of interest.
Davidman (1981) references a number of sources with helpful
material on this subject.

As this discussion suggests, certain preferences flag a
student as one who will profit from some degree of involvement in
vocational education. (How concentrated that experience should be
is a matter for the student and counselor to determine.) The
candidate for vocational concentration as definea by Campbell,
Orth, and Seitz (1981) would show the following characteristics:

o Prefers to work with things rather than words

o Needs autonomy, likes to work alone

o Responds more to one-on-one instruction than whole class
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o Learns best through hands-on (tactile-kinesthetic) modes

This student might demonstrate additional characteristics:

o Is not motivated to perform in the a( idemic classroom

o Is less successful academically and needs mastery
experiences

o Does not respond well to competition.

The assessment process suggested here combines the student
self-report characteristic of many learning style inventories
(e.g., the Dunn-Price LSI) with teacher assessment. Davidman
(1981) argues for a process of this kind, nested in ;,heightened
individual dialogues" between students and teachers.

The assessment of individual differences, especially those
imperfectly defined qualities that form learning style, is not a
mature science. However, even the recognition that meaningful
differences exist seems useful. Garger and Guild (1984) state
that "an important goal is for teachers and students to accept and
value the diversity of styles" (p. 12). Davidman and Chiarelott
(1985) emphasize the importance of the concept of learning style
for ten:hers when they anticipate the

reconceptualization of the learning environment, and . . .

the teacher's enhanced perception of the student as a
learner who possesses educationally significant
strengths, preferences, and interests. (p. 12)

In order to connect the material on theory of vocational
educotion, learning styles, and the technical issues regarding
interaction models it may be useful to formulate a model that
expresses the key ideas as interactions. For illustrative
purposes, assume that the outcome is a combination of basic and
applied skills measured by a standardized test. For a particular
student, we assume that optimum learning occurs with a particular
mix of academic and vocational courses, as follows:

where

y = a + bA + cV + dAV + u (1)

y = learning outcome

A = academic courses/credits

V = vocational courses/credits

u = random disturbance

a, b, c, d, = constant parameters
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The complementarity between vc-mtional and academic curriculum is
expressed by the interaction term d. The value of d is expected
to be positive. The larger d is, tYle more academic courses
enhance students' ability to learn from vocational courses, and
the more vocational courses improve student learning in academic
courses. Presumably, the latter impact is due in part, to the
motivation classrooms.

One important way in which learning styles enter this
formulation is by influencing the degree to which hands-on and
other approaches (e.g., CBVE) provide motivation. Thus, one may
postulate that students who on the MBTI favor "sensing" and tend
to "deal realistically, observantly and precisely with tasks"
profit more from vocational education than other students.
Denoting a variable indicating degree of sensing and realistic
approaches to tasks by R, this theory can be expressed formally by
sLtting both c and d in equation (1) to be positive functions of
R. Linear formulation can be expressed as follows:

c = p + qR

d = g + hR

Inserting these expressions into (1) yields a relatively complex
intelaction model--

y = a 4. bA + pV + qRV + gAV + hARV + u. (2)

A more general model also would set b to a linear function of R,
but one with a negative slope.

Altaough the model in (2) is substantially more complex than
most formalized theory, it remains a substantial simplification of
the informal theory. It does, however, serve two important
functions for nis report. First, it helps to integrate the
chapters dealing with theory, substantive findings, and technical
issues related to interactions. Second, it suggests important:
next steps in improving understanding the complex ilzerplay
between curriculm choices and individual characteristics.

Experience indicates that it would be advisable to add
complex interactions to our assessment of vocational education in
small steps. It seems advisable to focus first on equation (1).
If a positive value for d cannot be established, there seems
little point in trying to estimate the more complex model in (2).
Preliminary evidence,in this report indicazes that establishing
empirical support fcr the model in (2) may not be easy to achieve.
If equation (1) is not supported by empirical evidence, then
careful reexamtnation of the theory and educational practice would
be the important n t steps.

In the meantime, it is clear that the vocational currioulum
differs significantly from the academic. In addition, we know
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enough about individual differences and learning to say with a
fair degree of certainty that vocat-onal education will benefit
certain students far maore than other curricula. The continued
exploration of the interactions between vocational curriculum,
academic curriculum, and student characteristics such as learning
styles should produce two typas of benefits. First, it will
promote systelnatic inquiry into the relationships between
curriculum choices and learning outcomes. Second, it will
stimulate reflection al. ,ut the primary considerations that muzt be
accommodated in practical everyday curriculum choices.
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